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The 37th Annual Tuna Conference was h e l d  a g a i n  t h i s  y e a r  a t  the  
Un ive r s i ty  of C a l i f o r n i a  Conference Center,  Lake Arrowhead C a l i f o r n i a ,  
18-21 May 1986. The Tuna Conference has  been a n  annual  event  s i n c e  1950, 
providing an  oppor tun i ty  f o r  s c i e n t i s t s ,  f i s h e r y  managers. government 
o f f i c i a l s ,  and i n d u s t r y  r e p r e s e n t a t i v e s  t o  meet. exchange informat ion ,  and 
d i scuss  r e sea rch  on tuna and t u n a l i k e  spec ies .  As i n  t h e  p a s t ,  t h i s  y e a r ' s  
meeting was sponsored by the  Nat iona l  Marine F i s h e r i e s  Se rv ice  and the 
Inter-American Trop ica l  Tuna Commission. Sixty-f ive  people  a t t e n d e d  t h e  
conference and 31 o r a l  p r e s e n t a t i o n s  were d e l i v e r e d .  A b s t r a c t s  of the o r a l  
p r e s e n t a t i o n s  a r e  inc luded  i n  t h e s e  proceedings.  

E f f e c t i v e  f i s h e r i e s  management r e q u i r e s  the  s u c c e s s f u l  i n t e g r a t i o n  of 
popula t ion  b io logy  information,  appropr i a t e  computer models, economics 
s tud ie  s, oceanographic i n f  o m a  t i o n ,  and pllJT s i o l o g i  cal-behavior  a1 r e  search. 
It was t h e  o b j e c t i v e  of t h i s  y e a r ' s  conference t o  b r i n g  t o g e t h e r  e x p e r t s  i n  
a l l  t hese  f i e l d s  and i n d u s t r y  r e p r e s e n t a t i v e s  t o  e x p l o r e  r e c e n t  changes i n  
the  tuna indus t ry  and r e c e n t  developments i n  tuna  r e s e a r c h ,  wi th  s p e c i a l  
emphasis on improving s c i e n c e  industry-government coopera t i on .  

On a personal  note,  I would l i k e  t o  e x p r e s s  my s i n c e r e  a p p r e c i a t i o n  t o  
the p a r t i c i p a n t s  and speakers  a t  t h i s  y e a r ' s  conference.  I f  the  1986 Tuna 
Conference i s  cons idered  s u c c e s s f u l  it was because of t h e i r  e f f o r t s  no t  
mine. 

Witold Klawe, Inter-American Trop ica l  Tuna Commission, was e l e c t e d  
Chairman of the  3 8 t h  Tuna Conference t o  be h e l d  a g a i n  a t  t h e  Un ive r s i ty  of 
C a l i f o r n i a  Conference Center.  

Richard W. B r i l l  
Chairman, 37 th  Annual Tuna Conference 
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I n t r o d u c t i o n  and Welcome t o  t h e  37 th  Annual Tuna Conference 

a 

Richard W. B r i l l ,  Chairman 37th  Annual Tuna Conference 
Southwest F i s h e r i e s  Center Honolulu Labora tory  

Nat iona l  Marine F i s h e r i e s  S e r v i c e ,  NOAA 
Honol u l  a, Haw a i  i 9 6 82 2-23 96 

This  y e a r ' s  conference s t r e s s e s  r e c e n t  changes i n  t h e  t u n a  f i s h i n g  
indus t ry  and r e c e n t  developments i n  tuna r e sea rch .  These changes and 
developments a r e  t o  be d i scussed  from the  p e r s p e c t i v e s  of r e s e a r c h  scien-  
t i s t s ,  f i s h e r y  managers, government o f f i c i a l s ,  and i n d u s t r y  r e p r e s e n t a t i v e s .  

In a n  unmanaged f i s h e r y ,  f i s h i n g  e f f o r t  i s  g e n e r a l l y  c o n t r o l l e d  by 
economic and p o l i t i c a l  fo rces .  Unfor tuna te ly ,  t h i s  h a s  been shown t ime and 
t ime a g a i n  t o  be t h e  formula f o r  d i s a s t e r .  In unregu la t ed  f i s h e r i e s ,  f i s h -  
ing  e f f o r t  u s u a l l y  expands r a p i d l y .  Inc reas ing  amounts of c a p i t a l  tend t o  
be inves ted ,  u n t i l  t h e r e  i s  so much c a p i t a l  ( i . e . ,  f i s h i n g  e f f o r t )  t h a t  no 
one can make a decent  r e t u r n  on t h e i r  investment.  There j u s t  i s  n o t  enough 
b i o l o g i c a l  product ion  t o  provide  adequate  r e t u r n s  on so much c a p i t a l .  
F ish ing  e f f o r t  i s  e v e n t u a l l y  reduced a s  c a p i t a l  is t r a n s f e r r e d  o r  i s  simply 
l o s t .  Th i s  i s  a s i t u a t i o n  t h a t  i s  w e l l  avoided. 

F i s h e r i e s  need management. However, f o r  f i s h e r y  management t o  be 
t r u l y  e f f e c t i v e ,  knowledge on how many f i s h  can be caught on a s u s t a i n e d  
b a s i s  i s  requi red .  I n  o t h e r  words informat ion  on how much c a p i t a l  an 
e x p l o i t e d  popu la t ion  can suppor t  must be known. Popu la t ion  b io logy  i n f o r  
mation ( i . e . ,  s tock  assessment)  i s  t r a d i t i o n a l l y  based on c a t c h  and e f f o r t  
da t a  analyzed w i t h  a p p r o p r i a t e  computer models. T h i s  i n fo rma t ion  i s  then  
passed t o  f i s h e r y  managers who determine f i s h e r y  r e g u l a t i o n s .  

Eowever, i n  many f i s h e r i e s  c a t c h  and e f f o r t  d a t a  a r e  now known not  t o  
be enough. Catch and e f f o r t  da t a  a r e  ga thered  " a f t e r  t he  f a c t , "  which i n  
many cases  i s  a f t e r  a f i s h e r y  i s  a l ready  o v e r c a p i t a l i z e d .  Furthermore,  
f i s h  popula t ions  a r e  known t o  change c y c l i c a l l y  and independent ly  of 
changes i n  f i s h i n g  e f f o r t ,  a s  t h e  r e c e n t  E l  Nizo event  h a s  c l e a r l y  shown. 
Therefore ,  I argue t h a t  t r u l y  e f f e c t i v e  f i s h e r i e s  management r e q u i r e s  not 
only a cons tan t  i n f u s i o n  of  oceanographic informat ion ,  bu t  a l s o  b i o l o g i c a l ,  
phys io log ica l ,  and behaviora l  in format ion  on t h e  e x p l o i t e d  spec ie s .  
Furthermore, i f  phys io log ica l  r e sea rch  i s  combined w i t h  oceanographic  
research ,  p r e d i c t i n g  s p e c i e s  movements, changes i n  abundance, and gear  
vu1 ne rab i  1 i t y  i s  po s s ib1  e. 

Current popula t ion  dynamics models of t e n  st  i ll  r e q u i r e  u n r e a l  i s t i c  
b i o l o g i c a l  assumptions such a s :  t h a t  f i s h  and f i s h i n g  e f f o r t  a r e  randomly 
d i s t r i b u t e d  r e l a t i v e  t o  one another ,  t h a t  gear  c a t c h e s  a l l  s i z e s  of f i s h  
equa l ly  we l l ,  o r  t h a t  gear  i s  e q u a l l y  e f f e c t i v e  under d i f f e r e n t  oceano- 
graphic  condi t ions .  Since none of these  assumptions a r e  u s u a l l y  met, I 
argue t r u l y  e f f e c t i v e  f i s h e r i e s  management r e q u i r e s  a ba lanced  approach. 
In  o t h e r  words, input  from indus t ry ,  economists,  f i s h e r y  b i o l o g i s t s ,  mathe- 
ma t i ca l  modelers,  oceanographers,  and p h y s i o l o g i s t s  a r e  a l l  r equ i r ed .  The 
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c o s t  of having th i s  many people  working on one f i s h e r y  i s  expens ive  and i s  
obviously n o t  j u s t i f i e d  f o r  r e l a t i v e l y  small  f i s h e r i e s .  However, the  
worldwide tuna ca t ch  i s  e s t i m a t e d  t o  be worth approximately $3 b i l l i o n  per  
y e a r  and the  U.S. tuna i n d u s t r y  i s  t h e  l a r g e s t  f i s h i n g  i n d u s t r y  i n  terms of 
tonnage and t h e  second l a r g e s t  i n  terms of revenue of any U.S. f i s h i n g  
indus t ry .  Therefore  i f  any f i s h e r y  i s  j u s t i f i e d  i n  having a complete 
management s t r u c t u r e ,  i t  i s  t h e  tuna  f i s h e r y .  

Unfor tuna te ly ,  w i th  r e s p e c t  t o  tuna  f i s h e r i e s  management, t h e  oceano- 
* 

graphers ,  f i s h e r y  b i o l o g i s t s ,  p h y s i o l o g i s t s ,  f i s h e r y  managers, economists 
e t c .  a re ,  l i k e  the  tunas  themselves,  s c a t t e r e d  widely.  People involved 
wi th  tuna r e sea rch  and management a r e  of t e n  l o c a t e d  i n  d i f f e r e n t  c o u n t r i e s ,  
i n  d i f f e r e n t  agencies  w i t h i n  t h e  same country,  or i n  d i f f e r e n t  l a b o r a t o r i e s  
w i t h i n  t h e  same governmental agency. E f f e c t i v e  communication, which i s  t h e  
l i f e b l o o d  of e f f e c t i v e  management, can t h e r e f o r e  sometimes be d i f f i c u l t .  

Much of t he  t r a d i t i o n a l  c a t c h  and e f f o r t  d a t a  used f o r  tuna s t o c k  
assessments  are  becoming unava i l ab le .  Yet, f a i r  management d e c i s i o n s  and 
e q u i t a b l e  resource  a l l o c a t i o n s  a r e  p r e s s i n g  problems. Maximally e f f e c t i v e  
use of a l l  the  people involved i n  f i s h e r i e s  management and tuna  r e s e a r c h  
a r e  now more important  t h a n  ever .  It i s  one of t h e  primary o b j e c t i v e s  of 
t h i s  y e a r ' s  Tuna Conference t o  b r i n g  t o g e t h e r  a l l  t he  p l a y e r s  i n  t h i s  game 
and t o  t a l k  about how our e f f o r t s  could be more e f f e c t i v e l y  i n t e g r a t e d .  

Le t  us begin.  
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TUNA AND RELATED RESEARCH IN TEE NATIONAL MARINE FISHERIES SERVICE 

Izadore  Barre  t t 
Soathwe st P i  s h e r i e  s Center  

Nat iona l  Marine F i s h e r i e s  Se rv ice ,  NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

Th/e tuna  world we have known i n  p a s t  y e a r s  i s  i n  a s t a t e  of f l u x  w i t h  
t r a d i t i o n a l  bonds and arrangements  changing r a p i d l y .  Although t h e  United 
S t a t e s  i s  a major component i n  t h e  i n t e r n a t i o n a l  tuna b u s i n e s s  t h e  domestic 
i ndus t ry  i s  faced  wi th  t h e  cha l lenge  of expanding f o r e i g n  f l e e t s ,  h igh  
ope ra t ing  c o s t s  which have l e d  t o  the  c l o s i n g  of a l l  b u t  one major cannery 
i n  t h e  c o n t i n e n t a l  United S t a t e s ,  an  i n f l u x  of canned tuna  imports ,  and a 
dwindling f l e e t  of t r o p i c a l  tuna  s e i n e r s .  

I n  t h e  f ace  of t h i s  new r e a l i t y ,  the  United S t a t e s ,  and by in fe rence  
the  Nat iona l  Marine F i s h e r i e s  Se rv ice  (NMFS), h a s  the  o b j e c t i v e  t o  provide  a 
cont inuing  supply of tuna t o  American consumers by main ta in ing  world s tocks  
of t unas  a t  maximum s u s t a i n a b l e  y i e l d  and by ensu r ing  t h e  United S t a t e s  
access  t o  t h e s e  s tocks.  With t h i s  purpose foremost ,  the  r o l e  of the  Federa l  
Government i s  shaped by commitments and r e s p o n s i b i l i t i e s  t o  i n t e r n a t i o n a l  
bodies  and t r e a t i e s ,  o b l i g a t i o n s  t o  i t s  c o n s t i t u e n t s ,  t h e  need f o r  conserva- 
t i o n  of s tocks ,  and maintenance of s e l f  i n t e r e s t .  

Since 1970 most of t h e  tuna  r e s e a r c h  c a r r i e d  o a t  n a t i o n a l l y  by NMFS has 
been conducted a t  the Southwest F i s h e r i e s  Center  (SWFC), w i t h  the  excep t ion  
of r e sea rch  on A t l a n t i c  b i l l f i s h e s  and b l u e f i n  tuna  which h a s  been conducted 
a t  the NMFS Southeas t  F i s h e r i e s  Center  (SEFC) i n  M i a m i ,  F l o r i d a .  T h i s  yea r ,  
however, i n  response t o  t h e  major s o c i a l ,  economic, and p o l i t i c a l  changes 
which have taken p l ace  i n  the  tuna  indus t ry ,  i n  t h i s  country and abroad,  
t h e r e  has  been a real ignment  of tuna r e s e a r c h  r e s p o n s i b i l i t i e s  w i t h i n  t h e  
NMFS. Under the  l e a d e r s h i p  of Joseph  W. Angelovic,  NMFS Nat iona l  Tuna 
and B i l l f i s h  Research Coordinator ,  the  SEFC i s  now re spons ib l e ,  under 
Richard Berry,  f o r  NMFS r e s e a r c h  t o  suppor t  t he  I n t e r n a t i o n a l  Commission f o r  
t h e  Conservat ion of A t l a n t i c  Tunas (ICCAT), whi le  t h e  SWFC, under my di rec-  
t i o n ,  is r e spons ib l e  f o r  a l l  NMFS r e s e a r c h  f o r  t h e  I n d i a n  Ocean, wes te rn  and 
c e n t r a l  P a c i f i c ,  and any o t h e r  Federa l  e f f o r t s  a s s o c i a t e d  w i t h  t h e  e a s t e r n  
t r o p i c a l  P a c i f i c .  

S p e c i f i c a l l y ,  the SEFC i s  concerned w i t h  s p e c i e s  and s t o c k s  i n  t h e  
A t l a n t i c  Ocean and the Gulf of Mexico: b l u e f i n ,  ye l lowf in ,  and s k i p j a c k  
tunas,  a lbacore ,  swordfish and mar l in s ,  mako shark,  and bigeye tuna.  For 
b l u e f i n  tuna t h e i r  r e s p o n s i b i l i t i e s  inc lude  e s t i m a t e s  of spawning s t o c k  s i z e  
in t h e  Gulf of Mexico, i d e n t i f i c a t i o n  of A t l a n t i c  s t o c k  s t r u c t u r e ,  determi- 
n a t i o n  of t r ans -At l an t i c  movements: e s t i m a t i o n  of s tock  s i z e  of  j u v e n i l e  
b l u e f i n  tuna,  es tab l i shment  and v e r i f i c a t i o n  of  growth r a t e s :  p r o v i s i o n  of 
abundance e s t i m a t e s  and f i s h e r i e s  s t a t i s t i c s  t o  ICCAT, and t h e  moni tor ing  of 
t he  Japanese ca tch .  For t h e  A t l a n t i c  t unas ,  t he  j o b  of the SEFC i s  t o  pro- 
v ide  s t a t u s  of s tocks  r e p o r t s  and f i s h e r y  s t a t i s t i c s  t o  ICCAT. On r e s e a r c h  
on A t l a n t i c  b i l l f i s h ,  t he  SEFC e s t a b l i s h e s  d a t a  bases ,  de te rmines  s t a t u s  of 
s tocks ,  develops management measures f o r  f i s h e r y  management p l ans ,  and 
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provides  f i s h e r i e s  s t a t i s t i c s  and abundance e s t i m a t e s  t o  ICCAT. Regarding 
work on mako sha rks  and bigeye tuna,  the  SEPC e s t a b l i s h e s  b a s i c  b i o l o g i c a l  
and f i s h e r i e s  d a t a  bases  and p rov ides  f i s h e r i e s  s t a t i s t i c s  t o  ICCAT. 

The s p e c i f i c  concerns of the  SWPC a r e  w i t h  t h e  y e l l o w f i n  and s k i p j a c k  
tunas,  b i l l f i s h e s  and swordfish,  and o t h e r  ocean ic  p e l a g i c s  of t h e  North and 
South P a c i f i c  Ocean, c e n t r a l ,  wes te rn ,  and sou the rn  P a c i f i c  and w i t h  the  
Indian  Ocean. The r e s e a r c h  program inc ludes  t h e  mon i to r ing  of tuna f i s h e r y  
t r ends  i n  the  c e n t r a l  and the  wes te rn  P a c i f i c  Ocean and t h e  assessment  of 
y i e l d  p o t e n t i a l  t o  eva lua te  the  impact of changes i n  e f f o r t  and f i s h i n g  
technology dur ing  r a p i d  development. 

Other tuna- re la ted  programs inc lude  t h e  assessment  of the  South P a c i f i c  
a lbacore popula t ions ,  a n a l y s i s  of b a s i c  f i s h e r y  s t a t i s t i c s  on tuna ,  b i l l -  
f i s h e s ,  and o t h e r  important  p e l a g i c  s p e c i e s  of i n t e r e s t  t o  U.S. commercial 
and r e c r e a t i o n a l  f ishermen, p r i n c i p a l l y  the  s p o r t  f i s h e r y  f o r  b i l l f i s h e s ,  
monitor ing tuna f i s h i n g  a c t i v i t y ,  and p repa r ing  c a t c h  and e f f o r t  s t a t i s t i c s  
and economic da ta  on market t r a n s a c t i o n s .  Other  important  a c t i v i t i e s  
include the  p rov i s ion  of b a s i c  f i s h e r y  a n a l y s i s  and management in fo rma t ion  
on tunas  and b i l l f i s h e s  t o  i n t e r n a t i o n a l  f i s h e r i e s  bod ie s  and commission, 
t he  conduct of s t u d i e s  on t h e  s t a t u s  of do lph ins  involved  i n  t h e  e a s t e r n  
t r o p i c a l  P a c i f i c  tuna  purse  s e i n e  f i s h e r y ,  and r e s e a r c h  t o  determine the  
s t a t u s  of North P a c i f i c  a lbacore .  

The f u t u r e  of tuna r e s e a r c h  i n  t h e  Fede ra l  Government l i e s ,  I b e l i e v e ,  
i n  the  a b i l i t y  t o  conduct miss ion- re la ted  r e s e a r c h  t o  understand b e t t e r  t h e  
d i s t r i b u t i o n  and abundance of tunas  i n  o u r  a r e a s  of i n t e r e s t  and t o  improve 
our  a b i l i t y  t o  monitor  and p r e d i c t  even t s  a f f e c t i n g  s t o c k  abundance w i t h i n  
the  f i s h e r i e s .  
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IMPORTANT RECENT CBANGES I N  TEE U.S. TUNA INDUSTRY AND 
GOVERNMENT POLICIES FROM INDUSTRY'S PERSPECTIVE 

August Felando 
American Tunaboat A s s o c i a t i o n  

San Diego, C a l i f o r n i a  92101-5896 

There have been no r e c e n t  changes on t he  p o l i c y  i s s u e  of t una  f i s h i n g  - 
access  by the  U.S. tuna i n d u s t r y  and the  U.S. Government. 

The American Tunaboat Assoc ia t ion  (ATA) s t i l l  h a s  the  c o n v i c t i o n  t h a t  
t he  r eg iona l  l i c e n s e  and management approach i s  c o r r e c t  for t h e  f l e e t .  

The ATA remains suppor t ive  of t he  e f f o r t s  of t h e  U.S. Government t o  
nego t i a t e  r eg iona l  l i c e n s i n g  agreements i n  t h e  e a s t e r n  and wes te rn  P a c i f i c  
a s  a s t e p  towards r eg iona l  conse rva t ion  and management t r e a t i e s .  

The Eas t e rn  P a c i f i c  Ocean Tuna F i sh ing  Agreement (EPOTFA). Rati-  
f i c a t i o n  of f i v e  c o u n t r i e s  i s  requi red .  Costa Rica  h a s  n o t  a s  y e t  taken 
f i n a l  a c t i o n  t o  r a t i f y  EPOTFA. 

The agreement on f i s h e r i e s  between P a c i f i c  i s l a n d  s t a t e s  and t h e  
United S t a t e s :  The n i n t h  round of n e g o t i a t i o n s  i s  scheduled f o r  mid-July 
a t  the  Cook I s l ands .  

Provis ions  of the  Compact of F ree  Assoc ia t ion  ex tend  t h e  p o l i c y  
r e l a t i n g  t o  tuna  f i s h i n g  a c c e s s  a s  provided i n  t h e  Fishermen's P r o t e c t i v e  
Act and t h e  Magnuson F i she ry  Conservat ion and Management Act (MFCMA). 

There have been no r e c e n t  changes i n  Fede ra l  l e g i s l a t i o n  adve r se ly  
impacting t h e  ope ra t ion  o f  U.S. tuna v e s s e l s .  . 

The Fishermen's P r o t e c t i v e  Act (FPA) 

Lawsuit  t o  seek a d e c l a r a t o r y  judgment on s e c t i o n  7 wi th  r e s p e c t  
t o  t h e  i s s u e  o f  whether the Fishermen's Fund is t o  be funded 10046 
by indus t ry .  

Magnuson F i she ry  Conservat ion and Management Act 

No changes i n  the  tuna p r o v i s i o n s  a r e  expected.  

Immigration and N a t i o n a l i t y  Act 

Amendment r e l a t i n g  t o  t h e  r i g h t  of a l i e n  crewmembers on U.S. 
f i s h i n g  v e s s e l s  o p e r a t i n g  i n  Guam t o  go a shore  has  been adopted 
by both the  Senate  and t h e  House. 

The 1983 Reagan Proclamation r e l a t i n g  t o  t h e  e x c l u s i v e  economic zone 
i s  suppor t ive  of t he  U.S. tuna p o s i t i o n  a s  man i fe s t ed  i n  t h e  hIFCMA and t h e  
FPA. 
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The 

The l e g i s l a t i v e  h i s t o r y  concerning Senate  r a t i f i c a t i o n  of the  San 
J o s e  Trea ty  r e a f f i r m s  the  tuna p o l i c y  p o s i t i o n  of t h e  United 
S t a t e s .  

The ATA takes  t h e  p o s i t i o n  t h a t  A r t i c l e  64 of the  Law of the  Sea 
Convention of 1982 i s  suppor t ive  of t h e  United S t a t e s  t una  pos i t i on .  

U.S. tuna s e i n e r  f l e e t  i s  expe r i enc ing  a s u b s t a n t i a l  d e c l i n e  i n  
t o t a l  capac i ty  and i n  the  number of o p e r a t i o n a l  v e s s e l s .  

P r e s e n t l y  over 24% of t h e  f l e e t  (number) i s  i d l e .  

The f l e e t  is about  equa l ly  d iv ided  o p e r a t i o n a l l y  between f i s h i n g  
grounds i n  t h e  e a s t e r n  P a c i f i c  and t h e  w e s t e r n  P a c i f i c .  
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ReCENT CHANGES I N  TUNA RESEARCH REQUIREMENTS 

Robert  E. Kearney 
I n t e r A m e r i c a n  Trop ica l  Tuna Commission 
c / o  Sc r ipps  I n s t i t u t i o n  of Oceanography 

La J o l l a ,  C a l i f o r n i a  92093 

The l a s t  10 y e a r s  have seen many major changes i n  t h e  wor ld ' s  t una  
f i s h e r i e s .  As one of the  t h r e e  major  r easons  f o r  f i s h e r i e s  r e s e a r c h  i s  t h e  
response t o  management' s requi rements  ( t h e  o t h e r  two being (1) t h e  personal  
i n t e r e s t  or mot iva t ion  of i n d i v i d u a l  r e s e a r c h e r s  and (2) t h e  need t o  e a r n  a 
l i v i n g  coupled w i t h  the d e s i r e  f o r  g r e a t e r  f i n a n c i a l  r e t u r n s  through promo- 
t i o n a l  o p p o r t u n i t i e s ) ,  i t  i s  n o t  s u r p r i s i n g  t h a t  f i s h e r i e s  r e s e a r c h  r eqa i r e -  
ments should a l s o  have changed. Because of the complexity of i n d i v i d u a l ,  
i n s t i t u t i o n a l ,  na t iona l ,  r eg iona l ,  and i n t e r n a t i o n a l  i n t e r e s t  i n  t h e  many 
forms (e .  g., b i o l o g i c a l ,  oceanographical ,  s t a t i s t i c a l ,  economic, s o c i a l ,  and 
p o l i t i c a l )  of f i s h e r i e s  r e sea rch ,  i t  i s  d i f  f i c u l t  t o  gene ra l i ze .  However, 
the  need t o  cons ider  the tremendous d i f f e r e n c e s  among the  numerous tuna  
s p e c i e s  and t h e  management of t he  f i s h e r i e s  which o p e r a t e  on them was 
s t r e s s e d  a s  fundamental. The d i f f e r e n c e s  i n  the  popu la t ion  dynamics be tween 
sk ip j ack  and sou the rn  b l u e f i n  tunas ,  f o r  example, a r e  g r e a t e r  t h a n  those  
between l o b s t e r s  o r  s a r d i n e s  and southern  b l u e f i n  tuna.  

Wi th in  t h e  framework of g r e a t e r  d i v e r s i t y  among s p e c i e s  a few general-  
i t i e s  were h igh l igh ted :  

1. 

2 .  

3 .  

4. 

5 .  

6 .  

The n e c e s s i t y  t o  adapt  t h e  changes i n  most c o a s t a l  s t a t e  a t t i t u d e s  
t o  the Law of the Sea t o  improve the  q u a l i t y  and a v a i l a b i l i t y  of 
ca tch  and e f f o r t  da ta .  

The need t o  a p p r e c i a t e  t h e  l i m i t a t i o n s  of  a l l  d a t a  and t h e  models 
used i n  analyzing them. Th i s  i s  more of a problem r e c e n t l y  w i t h  
wide spread use of canned computer packages. 

The need t o  a l i g n  r e s e a r c h  f o r  r e source  conse rva t ion  w i t h  t h e  
popu la t ion  b io logy  of the  i n d i v i d u a l  spec ie s .  

The urgency of more f u l l y  unders tanding  t h e  t o t a l  l i f e  c y c l e  of 
t anas  and the  p a r t i c u l a r  need f o r  more in fo rma t ion  on e a r l y  l i f e  
h i s t o r i e s .  

The need t o  p re sen t  s c i e n t i f i c  r e s u l t s  i n  a format  which s t r e s s e s  
t h e i r  importance t o  f i shermen and managers. 

The need t o  understand i n t e r a c t i o n  among f i s h e r i e s  and t o  
acknowledge the  immense d i f f e r e n c e s  among the  many t y p e s  of 
i n t e r a c t  ions.  



RECENT PROBLEMS I N  THE U. S. TUNA INDUSTRY AND AN OUTLOOK 

Dennis M. King 
ERG P a c i f i c  Inc .  

1050 Rosencrans S t r e e t ,  S t e .  F 
San Diego, C a l i f o r n i a  92106 

PROBLEMS 

It i s  w e l l  known t h a t  t h e  U . S .  tuna i n d u s t r y  and t h e  g loba l  tuna 
indus t ry  i n  genera l  have been shaken up by major s h i f t s  i n  the geographic  
p a t t e r n  of tuna f i s h i n g ,  an i n c r e a s e  i n  world tuna  supp l i e s ,  and correspond- 
i n g  p r i c e  d e c l i n e s  i n  major t una  markets.  In t h i s  p r e s e n t a t i o n  I w i l l  
o u t l i n e  a few of t he  even t s  t h a t  have t aken  p l ace  i n  t h e  U.S. tuna market 
over the p a s t  few y e a r s  which p r e c i p i t a t e d  these  dramat ic  changes and caused 
some problems f o r  t h e  U . S .  tuna indus t ry .  

CAUSES 

During 1979-82, r e t a i l  canned tuna p r i c e s  i n  t h e  United S t a t e s  
increased  by 17% (Source: NMFS). This  p r i c e  inc rease ,  a long w i t h  a coinci-  
den ta l  dec l ine  i n  general  economic c o n d i t i o n s  and lower p r i c e s  f o r  tuna 
s u b s t i t u t e s  i n  the  U.S. market,  r e s u l t e d  i n  a 15% d e c l i n e  i n  U . S .  per  c a p i t a  
tuna consumption from 3.2 l b  i n  1979 t o  2.7 l b  i n  1982 (Source:  NMFS).  This  
market d e c l i n e  l e d  t o  a n  o v e r a l l  annual r e d u c t i o n  in wholesa le  and r e t a i l  
canned tuna s a l e s  of around 5.75 m i l l i o n  s t a n d a r d  c a s e s  ( a  s t anda rd  case  = 
19.5 l b )  which corresponds t o  a r e d u c t i o n  i n  annual  raw tuna  requi rements  
f o r  t h e  U . S .  market of around 115,000 me t r i c  t o n s  (SO s t anda rd  c a s e s  pe r  
m e t r i c  t o n ) .  

RESPONSES 

While t h i s  slump i n  t h e  U.S. market caused some decrease  i n  U.S. tuna 
harves t ing  a c t i v i t y ,  most U. S. v e s s e l s  cont inued  t o  f i s h .  However, s ince  
the U.S. market r equ i r ed  l e s s  raw f i s h ,  much of t h e  raw and f r o z e n  tuna 
produced by the  U . S .  f l e e t  e n t e r e d  t h e  wor ld  market  o r  fo rced  tuna caught by 
o t h e r  n a t i o n s  on t o  the world market p u t t i n g  downward p res su re  on in te rna-  
t i o n a l  tuna p r i c e s  a t  a t ime when t h e  i n t e r n a t i o n a l  market was a l r e a d y  
g l u t t e d  w i t h  low-cost t una  from expanding w e s t e r n  P a c i f i c  and I n d i a n  Ocean 
f i s h e r i e s  and from Mexico. The abundant supply of low cos t  raw and f r o z e n  
tuna on t he  world market a t  a t ime when U . S .  wholesa le  and r e t a i l  canned 
tuna p r i c e s  were s t i l l  r e l a t i v e l y  high, o f f e r e d  tremendous o p p o r t u n i t i e s  f o r  
f o r e i g n  canners  t o  p e n e t r a t e  the  U . S .  market. 

A s  canners  i n  Thai land  and t h e  P h i l i p p i n e s  i n c r e a s e d  p roduc t ion  and 
expor t s  t o  the  United S t a t e s ,  the growing compet i t ion  i n  the  U . S .  market 
f i n a l l y  drove down canned tuna p r i c e s  fo l lowed by raw tuna p r i c e s .  A s t r o n g  
U. S. d o l l a r  dur ing  t h i s  per iod ,  however, allowed non-U. S. t una  h a r v e s t e r s  
and p rocesso r s  t o  wi ths t and  t h e  d e c l i n e s  i n  U . S .  tuna p r i c e s  more e a s i l y  
than  U.S. t una  h a r v e s t e r s  and p rocesso r s  so U . S .  imports  cont inued  t o  grow. 
The U . S .  tuna f i shermen and tuna  p rocesso r s  were f a c i n g  s t e a d i l y  i n c r e a s i n g  
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c o s t s  wh i l e  market cond i t ions  cont inued  t o  d e t e r i o r a t e ,  and du r ing  t h e  e a r l y  
1980'~~ the  e n t i r e  U.S. t una  i n d u s t r y - h a r v e s t e r s  and processors-suffered 
under a severe  cos t -pr ice  squeeze. 

The major c o s t s  of owning and o p e r a t i n g  a tuna  purse  s e i n e r  a r e  more or 
l e s s  f ixed;  so dur ing  th i s  p e r i o d  of low tuna  p r i c e s ,  many v e s s e l  owners 
t r i e d  t o  keep revenues above c o s t s  by i n c r e a s i n g  t h e i r  p roduc t ion  of f i s h .  
Responding t o  lower f i s h  p r i c e s  by i n c r e a s i n g  f i s h  product ion.  a l though  
s u r p r i s i n g  a t  f i r s t  glance,  i s  e n t i r e l y  r easonab le  from t h e  p o i n t  of view of 
an  ind iv idua l  f i sherman t r y i n g  t o  surv ive ;  i n  t h e  aggrega te ,  however, t h i s  
response put f u r t h e r  downward p r e s s u r e  on short- term p r i c e s  and t h e  market 
problems worsened. 

A s  t ime passed  and f i s h  p r i c e s  and v e s s e l  p r o f i t s  cont inued  t o  dec l ine  
through 1985. t h e  l e s s  e f f i c i e n t  and the  l e s s  f i n a n c i a l l y  secure  v e s s e l  
owners faced  seve re  f i n a n c i a l  problems and many l o s t  t h e i r  boa t s .  Tuna 
purse s e i n e r s ,  however, have few a l t e r n a t i v e  u s e s  so, a s  v e s s e l s  encountered 
f i n a n c i a l  problems, many were merely r e s o l d  a t  d i s t r e s s  p r i c e s  and r e t u r n e d  
t o  the  f i s h e r y  under new management. A t  the  p r e s e n t  t ime, many U.S. v e s s e l  
owners and t h e i r  f i n a n c i a l  s u p p o r t e r s  a r e  simply absorb ing  short- term 
economic l o s s e s  i n  the  hope of be ing  among the  s u r v i v o r s  when t h e  in te rna-  
t i o n a l  f l e e t  i s  f i n a l l y  pared down and market c o n d i t i o n s  improve. 

TEE OUTLOOK 

Although the  s i z e  of t he  U.S. f l e e t  i s  s lowly sh r ink ing ,  i t s  p roduc t ion  
has  been f a i r l y  s teady  whi le  t he  amount of tuna  s u p p l i e d  t o  t h e  world market 
by o the r  n a t i o n a l  f l e e t s  con t inues  t o  inc rease .  In a s l a c k  tuna market t h i s  
p u t s  cont inuous downward p res su re  on i n t e r n a t i o n a l  t una  p r i c e s .  Despi te  
some noteworthy developments i n  Europe and Japan ,  t he  United S t a t e s  w i l l  
remain the  only  major a c c e s s i b l e  market f o r  tuna ,  e s p e c i a l l y  f o r  growing 
supp l i e s  of s k i p j a c k  tuna,  and t h e  demand h e r e  w i l l  not  keep pace wi th  
supply inc reases .  F u r t h e r  i n c r e a s e s  i n  g loba l  t u n a  l a n d i n g s  t h e r e f o r e ,  a r e  
l i k e l y  t o  prolong t h e  c u r r e n t  slump i n  ex-vessel p r i c e s ,  and a l though market 
cond i t ions  w i l l  most c e r t a i n l y  improve over  t h e  long-run, i t  does not  seem 
t h a t  a major upswing w i l l  be seen  i n  t h e  near  f u t u r e .  

SUMMARY 

In t h e  absence of some major change i n  t h e  o r g a n i z a t i o n  of g loba l  tuna 
f i s h i n g  or some new market development, the d i f f i c u l t  t imes  a r e  l i k e l y  t o  
p e r s i s t  f o r  tuna f ishermen a l l  over t h e  world. Low tuna p r i c e s  simply do 
no t  d r i v e  tuna  v e s s e l s  o u t  of the g loba l  f l e e t  f a s t  enough f o r  p r i c e s  t o  
recover  qu ick ly  once c o n d i t i o n s  of oversupply appear .  When t h e  United 
S t a t e s  embargo on Mexican tuna  i s  l i f t e d ,  t h e r e  w i l l  be ano the r  surge  i n  
compet i t ion  f o r  t h e  U.S.  market and f u r t h e r  downward p r e s s u r e  on U.S. tuna 
p r i c e s  and i n t e r n a t i o n a l  tuna  p r i c e s  i n  genera l .  Then t h i n g s  should g e t  
r e a l l y  i n t e r e s t i n g .  
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LICENSING DISTANT-WATER TUNA FISHING FLEETS : 
THE EXPERIENCE OF PAPUA NEW GUINEA 

David J. Doulman 
P a c i f i c  I s l a n d s  Development Program 

East-  We st  Cent e r 
Honolulu, Hawaii 96848 

Papua New Guinea h a s  a Declared F i s h e r i e s  Zone (DFZ) cover ing  2.3 
m i l l i o n  square k i lome te r s  of t h e  wes te rn  P a c i f i c  Ocean. The e x t e n s i v e  tuna  
resources  found i n  t h e  DFZ a r e  only l i g h t l y  e x p l o i t e d  by t he  domest ic  
i ndus t ry  f i s h i n g ,  and a s  a r e s u l t  the government encourages e x p l o i t a t i o n  
of t he  f i s h e r y  by d is tan t -water  f i s h i n g  n a t i o n  f l e e t s .  Curren t ly ,  Papua 
New Guinea has  two access  agreements w i t h  d i s t an t -wa te r  f i s h i n g  na t ions .  
However, fo re ign  f i s h i n g  v e s s e l s  (FFV's) from o t h e r  f l a g  s t a t e s  a r e  a l s o  
l i c e n s e d  under the  terms and c o n d i t i o n s  of t h e s e  agreements i n  a nondis- 
c r imina tory  manner. The paper  e x p l a i n s  t h e  de t e rmina t ion  of  a c c e s s  f e e  
payments f o r  d i s tan t -water  f i s h i n g  f l e e t s  and the  te rms  and c o n d i t i o n s  of 
access  f o r  FN's r equ i r ed  by Papua New Guinea. Rece ip t s  f o r  s e l e c t e d  y e a r s  
from dis tan t -water  f i s h i n g  o p e r a t i o n s  i n  the  count ry ' s  DIZ a r e  presented .  
The paper addres ses  a s p e c t s  of Papua New Guinea 's  a d m i n i s t r a t i o n  and 
s u r v e i l l a n c e  of i t s  d is tan t -water  tuna  f i s h e r y  and compliance i s s u e s .  
Regional cons ide ra t ions  a s  t hey  a f f e c t  Papna New Guinea 's  l i c e n s i n g  of 
d i s tan t -water  f l e e t s  i s  b r i e f l y  reviewed and some concluding comments made 
a s  t o  how Papua New Guinea h a s  f a r e d  i n  l i c e n s i n g  d i s t an t -wa te r  f l e e t s  i n  
i t s  DFZ. 

5 
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STATUS OF YELLOWFIN TUNA FISHERY I N  TEE GULF OF MEXICO 

Guil lermo Compean Jimenez 
Univers idad  Antonma de Nnevo Leon 

Mizar 252 Col. Contry 
Monterrey, N.L. Mexico 

The Mexican y e l l o w f i n  tuna  f i s h e r y  i n  t h e  Gulf of Mexico i s  performed 
through long l in ing .  Yel lowf in  tuna ,  Thnnnns a l b a c a r e s ,  have been captured  
i n  t h e  sp r ing  and summer s i n c e  1981. T h i s  f i s h e r y  has  r e p l a c e d  t h e  Japanese 
f i s h e r y  t h a t  had opera ted  i n  t h i s  zone s i n c e  1963. 

The f i s h i n g  zone of t he  Mexican f l e e t  i s  mainly l o c a t e d  sou th  of t he  
2J0 p a r a l l e l ,  s i n c e  f i s h i n g  i s  focused  towards the  cap tu re  of y e l l o w f i n  
tuna,  which comprised 90% of t h e  ca t ch  o r  574 t i n  1985. The t o t a l  ca t ch  
i n  1985 was 615 t and was composed of tuna,  b i l l f i s h ,  and shark.  The tuna  
captured were mainly a d u l t  f i s h  of 60 t o  100 cm f o r k  l eng th .  Most were 
sexual ly  mature w i t h  a gonadosomatic index h ighe r  than  30.0 and average 
weight of 4 1  kg. 

The Mexican f i s h e r y  is t h e r e f o r e  ve ry  s i m i l a r  t o  t h e  Japanese  f i s h e r y  
be fo re  1974, when f i s h i n g  was mainly focused  on y e l l o w f i n  tuna,  b u t  d i f f e r s  
i n  t h a t  t he  f i s h i n g  e f f o r t  i s  s t i l l  r a t h e r  small  and t h a t  t he  f l e e t  i s  
mainly composed of small s h i p s  t h a t  o p e r a t e  l o n g l i n e s  of 300 t o  1,000 hooks. 
I n  1985, t he  e f f o r t  c o n s i s t e d  of 222,600 hooks w i t h  16 s h i p s  of 5 t o  20 t. 
The ca t ch  pe r  u n i t  of e f f o r t  has  been r e l a t i v e l y  h igh  and averaged more than  
6 f i s h  f o r  every 100 hooks. In 1985 t h e  average was 6.2 f i s h  p e r  100 hooks. 

Thanks t o  the suppor t  and coope ra t ion  of the  " I n s t i t n t o  Nacional de 
Pesca," r e sea rch  e f f o r t s  a r e  now d i r e c t e d  toward t h e  a n a l y s i s  of the  cap tu re  
da ta ,  the  i n f e s t a t i o n  r a t e  w i t h  ecto- and endoparas i t e s ,  and seasonal  anal- 
y s i s  of t he  gonadosomatic index. Th i s  work i s  d i r e c t e d  a t  b e t t e r  e s t a b l i s h -  
ing  the  s t r u c t u r e  of the y e l l o w f i n  tuna popu la t ion  i n  t h e  A t l a n t i c  Ocean. 

4 
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RECENT DEVELOPMENTS I N  TUNA FISHING I N  TEE I N D I A N  OCEAN 

Richard S. Shomura 
Southwest F i s h e r i e s  Center Honolulu Labora tory  

Nat iona l  Marine F i s h e r i e s  Se rv ice ,  NOAA 
Honolulu, Hawaii 96822-2396 

Before 1979, tuna f i s h i n g  i n  the I n d i a n  Ocean c o n t r i b u t e d  around 
166.2 t of commercially important  tunas  (ye l lowf in ,  s k i p j  ack, bigeye,  
b l u e f i n ,  and a lbacore )  annual ly ,  which c o n s t i t u t e d  around 9.5% of the  world 
ca t ch  of these  spec ies .  By 1983 the  Ind ian  Ocean p r o p o r t i o n  had inc reased  
t o  11.8%, and r e c e n t  events  sugges t  a f u r t h e r  i n c r e a s e  i n  tuna  l and ings  due 
t o  t h e  development of purse  se ine  f i s h i n g  i n  t h e  w e s t e r n  Ind ian  Ocean. The 
Ind ian  Ocean ca t ch  be fo re  1979 came from a number of small-scale  tuna  f i s h -  
e r i e s  of c o a s t a l  s t a t e s ,  e.g., Maldives, S r i  Lanka, and Indones ia ,  and t h e  
d is tan t -water  t una  l o n g l i n e  f i s h e r i e s  of Japan,  Taiwan, and Korea. Addi- 
t i o n a l l y ,  subsis tence- type tuna f i s h i n g  e x i s t e d  throughout  t h e  reg ion .  

I n  1979 tuna purse s e i n e  f i s h i n g  t r i a l s  were conducted i n  t h e  wes te rn  
Ind ian  Ocean by the  Maur i t ius  purse s e i n e r ,  Ladv S u s h i l l .  The Japanese  
purse  s e i n e r ,  NiDDon Maru a l s o  ope ra t ed  i n  the  I n d i a n  Ocean i n  1979. 
Following t h e  e a r l y  success  of t he  Ladv S u s h i l l ,  a French purse s e i n e r ,  
-- de Sein, conducted f u r t h e r  purse se ine  t r i a l s  i n  the  wes te rn  I n d i a n  Ocean i n  
1981-82. A commercial tuna f i s h i n g  o p e r a t i o n  u t i 1  i z  ing fou r  French purse 
s e i n e r s  began i n  1982. The c a t c h  i n  1982 was 12.4 thousand m e t r i c  tons.  By 
1984 the  purse s e i n e  tuna f l e e t  had inc reased  t o  49 v e s s e l s  (French,  
Ivor ian ,  Spanish,  and Maur i t i u s  f l a g  v e s s e l s ) .  There were a l s o  r e p o r t s  of 
U.S.S.R. purse s e i n e r s  o p e r a t i n g  i n  t h e  Ind ian  Ocean dur ing  t h i s  per iod .  
The purse se ine  c a t c h  i n  1984 f o r  ye l lowf in ,  sk ip j ack ,  and bigeye tunas  and 
a lbacore  was e s t ima ted  t o  be 54.3, 53.0, 2.2, and 0.5 thousand m e t r i c  t ons ,  
r e s p e c t i v e l y .  I n i t i a l l y ,  f i s h i n g  was conf ined  t o  s e t s  around debr i s :  how- 
ever ,  i n  r e c e n t  y e a r s  t h e  number of s e t s  around f r e e  swimming s c h o o l s  has  
increased.  Sk ip jack  tuna dominated the c a t c h  of the  s e t s  around d e b r i s ,  
whereas y e l l o w f i n  tuna was t h e  dominant s p e c i e s  from s e t s  around f r e e  swim- 
ming schools.  Recent c a t c h  r a t e s  showed t h a t  s e t s  around d e b r i s  averaged 
about 29 t per  success fu l  s e t ,  and those  around f r e e  swimming s c h o o l s  
averaged about  23 t per  success fu l  s e t .  
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U.S. EXPLORATORY FISHING FOR ALBACORE I N  TEE SOUTB PACIFIC 

R. Michael L a m s  
Southwest F i s h e r i e s  Center  

Nat iona l  Marine F i s h e r i e s  Se rv ice ,  NOAA 
La J o l l a ,  C a l i f o r n i a  96038 

Based on t h e  r e s u l t s  of t r o l l i n g  e x p l o r a t i o n  conducted by two U.S. 
f i s h i n g  v e s s e l s  and r e s u l t s  from a r e s e a r c h  survey by t h e  NOAA s h i p  Townsend 
Cromwell conducted i n  con junc t ion  w i t h  t h e  f i s h i n g  v e s s e l s ,  the  p r o s p e c t s  
appear f avorab le  f o r  e s t a b l i s h i n g  a U.S. s u r f a c e  a l b a c o r e  f i s h e r y  i n  t h e  
South Pac i f i c .  
v e s s e l s ,  coupled wi th  r e l a t i v e l y  good weather  c o n d i t i o n s  and t h e  i n f r a -  
s t r u c t u r e  i n  Pago Pago, American Samoa, f o r  s e l l i n g  c a t c h e s  and suppor t ing  
v e s s e l  needs, suggest  t h a t  i t  i s  economical ly  f e a s i b l e  f o r  U.S. v e s s e l s  t o  
ope ra t e  i n  the South P a c i f i c .  

High ca t ch  r a t e s  and t o t a l  c a t c h e s  made by t he  f i s h i n g  

Examination of t he  c a t c h  r e s u l t s  made by t h e  f i s h i n g  v e s s e l s  and t h e  
Cromwell and oceanographic measurements t h a t  were made c o n c u r r e n t l y  w i t h  
the  f i s h i n g  r evea led  (1) a lbacore  ca t ches  were a s s o c i a t e d  wi th  t h e  Sub- 
t r o p i c a l  Convergence (STCZ) # (2) f i s h i n g  success  was h i g h e s t  near  t he  
no r the rn  boundary of the STCZ, (3 )  nea r ly  a l l  a l b a c o r e  ca t ches  were asso- 
c i a t e d  wi th  sea-surface temperature  (SST) f r o n t s ,  ( 4 )  b e s t  ca t ches  were 
made i n  warmwater i n t r u s i o n s ,  and ( 5 )  c a t c h e s  were made i n  w a t e r s  having 
SST's i n  t he  range of 16.5' t o  19.0°C, w i t h  b e s t  c a t c h e s  made by f i s h i n g  
v e s s e l s  a s  SST's near  18.3' t o  18.6OC. 
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COBERENT TBEORY ON TUNA BEEAVIOR 

Michel P e t i t  
ORSTOM Department C - Oceanography 

Miniparc Bat.  2 
34100 Montpel l ie r ,  France 

From a s y n t h e s i s  of t h e  a v a i l a b l e  l i t e r a t u r e ,  a c l a s s i f i c a t i o n  of 
tuna environmental  s t u d i e s  i s  made and p resen ted  through some examples. 
These examples, concerning monofac tor ia l  s t u d i e s  (sea-surf  ace temperature ,  
s a l i n i t y ,  e t c . )  o r  m u l t i f a c t o r i a l  works, i n t roduce  the  fundamental  n o t i o n  
of synergy between t h e  d i f f e r e n t  parameters  which d e f i n e  tuna environment. 
Research involv ing  the concept  of mathematical  d i s t a n c e  and a e r i a l  r ad ion r  
e t r y  and tuna survey da ta  i s  d e t a i l e d .  A fundamental  d i s t i n c t i o n  i s  in t ro -  
duced about  the  presence,  t h e  aggrega t ion ,  and the  c a t c h a b i l i t y  of tuna  
schools.  I n  add i t ion ,  a genera l  hypo thes i s  on tuna  behavior ,  i . e . ,  ' ' i f  
tuna a r e  p re sen t  i n  a zone they  w i l l  be i n c l i n e d  t o  aggrega te  c l o s e  t o  any 
anomalies ( g r a d i e n t s )  of  parameters  i n  t h e i r  environmental  sens ing  f i e l d ,  " 
i s  introduced.  This hypo thes i s  i s  i n  l i n e  w i t h  our knowledge of the  ecology 
and physiology of tuna. From t h i s  hypothes is ,  modeling based  on ca ta s t rophe  
theory  i s  proposed. 
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ME~ODOLOGICAL CONSIDERATIONS MIR TEE ABUNDANCE ESTIMATION OF 
DOLPHIN POPULATIONS USING OBSERVER DATA 

Alejandro A. Angannzzi and Stephen T. Buckland 
Inter-American Trop ica l  Tuna Commission 
c/o Sc r ipps  I n s t i t u t i o n  of Oceanography 

La J o l l a ,  C a l i f o r n i a  92093 

An important  problem i n  t h e  management of do lph in  popu la t ions  has  been 
the  e s t i m a t i o n  of the popu la t ion  abundance of the  d i f f e r e n t  s p e c i e s  involved 
i n  t h e  tuna f i s h e r y .  Of a l l  t he  methods a v a i l a b l e ,  l i n e  t r a n s e c t  sampling 
perhaps o f f e r s  t h e  most u se fu l  s o l u t i o n  t o  t h i s  problem, us ing  d a t a  col-  
l e c t e d  from a e r i a l ,  r e sea rch  v e s s e l ,  and f i s h i n g  v e s s e l  surveys.  However, 
t he  assumptions under which t h e  l i n e  t r a n s e c t  method g ives  unbiased  e s t i -  
mates of d e n s i t y  may be v i o l a t e d  i n  s e v e r a l  ways. These v i o l a t i o n s  v a r y  
between the  d i f f e r e n t  p la t forms  used, bu t  a r e  p a r t i c u l a r l y  s e r i o u s  when 
us ing  da ta  c o l l e c t e d  from tuna v e s s e l s .  The use of f i s h i n g  v e s s e l  da t a  i s  
appea l ing  because of t he  r e l a t i v e l y  l o w  c o s t  of t h e  in fo rma t ion  and because 
search  e f f o r t  i s  c o n s i s t e n t l y  high. Observers  a r e  p l aced  on board tuna 
purse  s e i n e r s  a s  p a r t  of a moni tor ing  program t h a t  was implemented by the  
Nat ional  Marine F i s h e r i e s  Serv ice  i n  t h e  e a r l y  seven t i e s .  A s i m i l a r  program 
was e s t a b l i s h e d  by the Inter-American Trop ica l  Tuna Commission i n  1979, 
inc luding  t h e  i n t e r n a t i o n a l  f l e e t  i n  i t s  sampling scheme. The in fo rma t ion  
c o l l e c t e d  by the  obse rve r s  on marine mammal s i g h t i n g s  and t h e  a c t i v i t i e s  of 
t h e  boa t s  dur ing  f i s h i n g  o p e r a t i o n s  can be used f o r  abundance e s t ima t ion ,  i f  
t h e  e f f e c t  of t he  v i o l a t i o n s  of t h e  assumptions of t h e  l i n e  t r a n s e c t  method 
can be reduced by a d d i t i o n a l  p rocess ing  of t h e  da ta .  Some work h a s  been 
done p rev ious ly  in t h i s  d i r e c t i o n ,  ana lyz ing  t h e  r e l a t i v e  importance of the  
d i f f e r e n t  problems found wi th  observer  da t a  and sugges t ing  s e v e r a l  p o s s i b l e  
so lu t ions .  Our o b j e c t i v e  i s  t o  develop a more r o b u s t  method f o r  e s t i m a t i n g  
dolphin  popula t ion  abundance, reducing  t h e  e f f e c t  of t he  v i o l a t i o n s  of t he  
main as  sumpt ions.  

The most s e r i o u s  v i o l a t i o n  i s  of t he  assumption t h a t  e i t h e r  s ea rch ing  
e f f o r t  i s  random or schoo l s  a r e  randomly d i s t r i b u t e d  i n  the s tudy area.  We 
reduce t h i s  problem by s t r a t i f y i n g  t h e  da t a  by encounter  r a t e  (number of 
schools  d e t e c t e d  by n a u t i c a l  mi l e  searched)  so t h a t  t he  d i s t r i b u t i o n  of 
schools  i s  c lose  t o  random i n  each s t ra tum, or by sea rch ing  e f f o r t  so a s  t o  
have approximately random d i s t r i b u t i o n  of e f f o r t  i n  each s t ra tum. 

The assumption t h a t  schools  on t h e  t r a c k l i n e  a r e  seen  w i t h  p r o b a b i l i t y  
one i s  n o t  s e r i o u s l y  v i o l a t e d  by the  tuna  v e s s e l s ;  on ly  v e r y  small  schools  
a r e  l i k e l y  t o  be missed when t h e  crew i s  o n  sea rch  e f f o r t .  

The movement of schools  should be slow r e l a t i v e  t o  the  speed of t he  
v e s s e l  and independent of it. I f  schools  avo id  t h e  boa t  or a r e  a t t r a c t e d  by 
i t ,  e s t i m a t e s  of dens i ty  w i l l  be biased.  Crews t y p i c a l l y  s i g h t  s choo l s  a t  
d i s t a n c e s  of s eve ra l  n a u t i c a l  mi les ,  be fo re  such movement occurs ,  bu t  
s i g h t i n g s  made by the  obse rve r  may be s e r i o u s l y  a f f e c t e d .  Schools  f i r s t  
s igh ted  behind t h e  v e s s e l  a r e  excluded from t h e  a n a l y s i s ,  s ince  a p ropor t ion  
of these  e x h i b i t  v e s s e l  a t t r a c t i o n .  



Radial  d i s t a n c e s  and ang le s  t o  each school  d e t e c t e d  should be measured 
wi thout  e r r o r .  Errors i n  ang le s  a r e  p a r t i c u l a r l y  important  f o r  t he  schools  
t h a t  a r e  c lose  t o  t h e  t r a c k l i n e .  To reduce t h i s  problem each school i s  
smeared over  a n  a r e a  cen te red  on t h e  recorded  p o s i t i o n  of the  school .  

The s i z e  of t h e  school is n o t  always r eco rded  w i t h  t h e  same accuracy.  
When a s e t  i s  made, the obse rve r  can g e t  a c l o s e r  l ook  a t  the school  and 
then  make a second, improved e s t i m a t e  of t he  school  s i z e .  These p a i r s  of 
e s t i m a t e s  may be used t o  c a l c u l a t e  a n  ad jus tment  f a c t o r  f o r  those observa- 
t i o n s  w i t h  only an i n i t i a l  e s t ima te  of t h e  school  s i z e .  

The e n t i r e  a n a l y s i s  i s  made s e p a r a t e l y  f o r  t hose  schoo l s  f i r s t  s i g h t e d  
by the  crew and, those  f i r s t  s i g h t e d  by the  obse rve r ,  s ince  t h e  j o i n t  d i s t r i -  
bu t ion  of perpendicular  d i s t a n c e s  cannot be r e l i a b l y  modeled. The r e s u l t s  
from the  two sepa ra t e  a n a l y s e s  a r e  added t o  produce t h e  f i n a l  abundance 
es t imate .  

Of the  models f o r  t h e  d e t e c t i o n  f u n c t i o n  t e s t e d  so f a r ,  the  hazard- ra te  
model has  proved most u se fu l .  However, more work i s  r e q u i r e d  he re ,  and we 
p l a n  a l s o  t o  t e s t  o t h e r  s t r a t i f i c a t i o n  f a c t o r s  t h a t  may be r e l a t e d  w i t h  
dolphin d i s t r i b u t i o n ,  such a s  surface-water  temperature .  
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MOVEMENT ANALYSIS OF SKIPJACK TUNA TAGS 

Raymond Hi lborn  
Tuna and B i l l f i s h  Assessment Program 

Soath P a c i f i c  Commission 
Noamea, New Caledonia  

It i s  widely he ld  among most b i o l o g i s t s ,  f i s h e r y  economists,  and 
lawyers t h a t  a l l  tuna a r e  h igh ly  migratory.  Ana lys i s  of  tagging from the  
South P a c i f i c  Commission (SPC) s k i p j a c k  tuna  program i n d i c a t e s  t h a t  most 
sk ip j ack  tuna move r e l a t i v e l y  l i t t l e  during t h e i r  l i f e ;  85% of t ags  were 
recovered w i t h i n  t h e  exc lus ive  economic zone (EEZ) of the  country i n  which 
they  were tagged. I f  movements a r e  measured a s  d i f f u s i o n  r a t e s ,  the  median 
d i f f u s i o n  r a t e  i s  between 400 and 800 km"/day, which means very  l i t t l e  
movement, a few k i lome te r s  per  day. The d i s t r i b u t i o n  of d i f f u s i o n  r a t e s  
i n d i c a t e s  t h a t  some i n d i v i d u a l s  move q u i t e  r a p i d l y ,  whi le  most f i s h  move 
slowly. Curren t  a n a l y s i s  i n d i c a t e s  t h a t  a d i f f u s i o n  model w i t h  a s i n g l e  
d i f f u s i o n  r a t e  i s  inappropr i a t e  f o r  sk ip j ack  tuna.  

A simple f i s h e r y  i n t e r a c t i o n  model i s  d e s c r i b e d  which i n c o r p o r a t e s  f o u r  
b a s i c  e lements ,  movement r a t e ,  n a t u r a l  m o r t a l i t y ,  d i s t a n c e  between f i s h -  
e r i e s ,  and f i s h i n g  p res su re  i n  the  two f i s h e r i e s .  I n t e r a c t i o n  between 
a r t i s a n a l  f i s h e r i e s  and commercial f i s h e r i e s  beyond a 200-mile EEZ w i l l  be 
q u i t e  small  f o r  s k i p j a c k  tuna g iven  the d i f f u s i o n  r a t e s  e s t ima ted  from the  
SPC tagging da ta .  

The l a r g e  EEZ of c o u n t r i e s  i n  t h e  wes te rn  P a c i f i c  mean t h a t  t he  skip- 
j a c k  tuna s tocks  can l a r g e l y  be considered a s  r e s i d e n t ,  and t h a t  f i s h i n g  
ou t s ide  of the EE? f o r  s k i p j a c k  tuna w i l l  have l i t t l e  consequence on t h e  
a r t i s a n a l  f i s h e r i e s  i n s i d e  of the coun t r i e s  EEZ. 
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GILL VENTILATION AND PERFUSION I N  FREE S W I M M I N G  TUNA 

David R. Jones,% Richard W. B r i l l S 2  P. J- Bu t l e r , ’  
P e t e r  G. Bashnel l ,4  and Mark H e i e i s l  

ZZoology Department, Un ive r s i ty  of B r i t i s h  Columbia, 
Vancower,  B.C. V6T 2A9 Canada 

2S out hw e s t F i  she r i e s Ce n t  e r Hono 1 u l  u L abo r a t oxy, Na t i ona 1 
Marine F i s h e r i e s  Se rv ice ,  N O M ,  Honolulu, Hawaii  96822-2396 

3Department of Zoology and Comparative Physiology 
Un ive r s i ty  of Birmingham, Birmingham, Uni ted  Kingdom 

4Department of Physiology, U n i v e r s i t y  of Hawaii 
Honolulu, Hawaii 96822 

In a l l  v e r t e b r a t e s  t h e  v e n t i l a t i o n  of t h e  r e s p i r a t o r y  gas  exchange 
sur face  i s  matched t o  t h e  p e r f u s i o n  of  t h e  exchanger accord ing  t o  t h e  0, 
con ten t s  of r e s p i r a t o r y  media. I n  mammals, a i r  and blood ho ld  equal  volumes 
of 0, so t h a t  one volume of a i r  i s  b rea thed  f o r  every  volume of blood t h a t  
c ros ses  the gas exchange su r face .  Seawater c o n t a i n s  on ly  o n e - t h i r t i e t h  the 
oxygen i n  a i r  whi le  tuna blood can  c a r r y  a s  much 0, a s  mammalian blood. 
Hence, t h e  r a t i o  between v e n t i l a t i o n  (?GI and p e r f u s i o n  (8,) of t he  g i l l s  i s  
expected t o  be S O .  On t h e  o t h e r  hand, seawater  and a i r  ho ld  l i k e  volumes of 
C02 so t h a t  VG:Qb r a t i o s  of 30 r ep resen t  massive o v e r v e n t i l a t i o n  f o r  C 0 2 .  
I n  s p i t e  of t h i s ,  tuna have t h e  h i g h e s t  b l  od C 0 2  l e v e l s  of any f i s h .  In 

us ing  a doppler  flowmeter, i n  f r e e  swimming f i s h .  
ming speed and a t  t h e  lowest  speed was around 1.5 L * 

quadrupled when swimming speed doubled, 
speeds was about 0.04 L ’ min-l. 
sugges t ing  t h a t  much of t he  water  e n t e r i n g  t h e  mouth a c t u a l l y  bypassed the  
g i l l s  presumably t o  p re se rve  C02 l e v e l s  i n  a r t e r i a l  blood. High l e v e l s  of 
CO, a r e  necessary  t o  ” b u f f e r ”  blood pH changes a f t e r  severe  e x e r c i s e  and t o  
modulate pH changes caused by thermal  e f f e c t s  expe r i enced  when t u n a  migra te  
v e r t i c a l l y ,  w i t h i n  the  wa te r  column. 

o rde r  t o  e x p l a i n  t h i s  paradox we measured 8 G, u s ing  dye d i l u t i o n ,  and db ,  
The d v a r i e d  w’ th  swim-  

The b, 
The 8, a t  t h e  lowest  swimming 

Hence t h e  VG:Qb r a t i o  approached 40 
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ANALYZING TAG RETURNS FROM A LOCALIZED FISHERY HARVESTING A 
WIDEL,Y DISTRIBUTED, DISPERSIVE FISH POPULATION 

P i e r r e  Kl e i b e r  
Southwest F i s h e r i e s  Center  La J o l l a  Labora tory  

Nat iona l  Marine F i s h e r i e s  Se rv ice ,  NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

Local ized  t a g  experiments  on s k i p j a c k  tuna and o t h e r  d i s p e r s i v e  
p e l a g i c  s p e c i e s  a r e  no t  i d e a l  i n  the  sense t h a t  t h e  f i s h  a r e  not  conf ined  
t o  wel l -def ined reg ions ,  but  r a t h e r ,  they exchange w i t h  f i s h  i n  ne ighbor ing  
regions.  Th i s  v i o l a t e s  a n  assumption of most a n a l y t i c a l  models used t o  
es t imate  popula t ion  s i z e s  and e x p l o i t a t i o n  r a t e s  of f i s h  s tocks .  I i n v e s t i -  
ga ted  the  e f f e c t  of such v i o l a t i o n s  on popu la t ion  and m o r t a l i t y  e s t i m a t e s  
w i t h  a s imula t ion  model of a t a g  experiment i n  which tagged f i s h  r e l e a s e d  
w i t h i n  the  a rea  of a f i s h e r y  could move d i f f u s i v e l y  throughout  a much l a r g e r  
region. 

I sub jec t ed  t h e  t a g  r e t u r n  d a t a  genera ted  by the  s i m u l a t i o n  model t o  a 
t r a d i t i o n a l  a n a l y s i s  i n  which d i s p e r s i o n  o u t  of t h e  f i s h e r y  was presumed not  
t o  occur.  I then  compared t h e  a n a l y t i c a l  e s t i m a t e s  of s tock  s i z e  and 
e x p l o i t a t i o n  r a t e  w i t h  the  "ground t ru thn1  of the  s i m u l a t i o n  model. The 
popula t ion  in t h e  a rea  of t he  f i s h e r y  was ove res t ima ted  by the  a n a l y s i s .  
But the e x p l o i t a t i o n  r a t e  was g r e a t l y  underes t imated  because t h e  t o t a l  
m o r t a l i t y  ( t h e  denominator of e x p l o i t a t i o n  r a t e )  was t o o  big,  be ing  fo rced  
t o  inc lude  d i s p e r s i v e  l o s s e s  a s  w e l l  a s  l o s s  by dea th ,  and because the  
f i s h i n g  m o r t a l i t y  ( t h e  numerator) was t o o  low a s  a r e s u l t  of t h e  o v e r e s t i -  
mate of s tock  s i z e .  

Taken a t  f a c e  va lue  these  r e s u l t s  p o i n t  t o  t h e  p o s s i b i l i t y  of danger- 
ous ly  complacent s tock  assessment s. This  i s  an  u n f a i r  conclus ion ,  however, 
because t h e  ''ground t r u t h "  i n  t h i s  s i t u a t i o n  i s  based on a narrow in t e rp re -  
t a t i o n  of the s tock  a s  be ing  only those  f i s h  w i t h i n  the  conf ines  of t h e  
f i s h i n g  a rea .  An i n t u i t i v e l y  f a i r e r  d e f i n i t i o n  of  a f i s h e r y  s t o c k  would be 
those  f i s h  t h a t  a f f e c t ,  and a r e  a f f e c t e d  by, t h e  f i s h e r y .  For a d i s p e r s i v e  
f i s h  we should expect  t h a t  such an i n t u i t i v e l y  d e f i n e d  s t o c k  of a l o c a l i z e d  
f i s h e r y  would occupy a r e g i o n  l a r g e r  t han  the  a r e a  of t h e  f i s h e r y  i t s e l f ,  
and t h a t  t h e  e x p l o i t a t i o n  r a t e  of t h a t  s t o c k  should  i n  consequence be l e s s  
t han  it would be f o r  a s t o c k  de f ined  s t r i c t l y  by the  f i s h i n g  a rea .  There- 
f o r e  the  t r a d i t i o n a l  a n a l y s i s  i s  i n  some sense a " f a i r e r "  assessment  of t he  
s i t u a t i o n  than  i s  the ground t r u t h .  

But what i s  t h e  l ' f a i r e s t u  s t o c k  s i z e  and e x p l o i t a t i o n  r a t e ?  The ques- 
t i o n  cannot be answered wi thou t  e r e c t i n g  a r b i t r a r y  s i g n p o s t s  much a s  s t a t i s -  
t i c i a n s  choose a r b i t r a r y  p r o b a b i l i t y  c u t o f f s .  Thus f o r  oceanic ,  d i s p e r s i v e  
spec ie s ,  t h e  r e s u l t s  of th i s  e x e r c i s e  a r e  r e a l l y  p o i n t i n g  t o  t h e  inadequacy 
of our concept of a f i s h e r y  s tock  and fur thermore  t o  t h e  f a c t  t h a t  t h e  
t r a d i t i o n a l  q u e s t i o n s  and t echn iques  of r e source  assessment  need t o  be 
reeva lua  ted. 
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FORECASTING ALBACORE CATCHES : SOME PRELIMINARY RESULTS 

Roy Mendelssohn and David Husby 
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We presen t  some pre l iminary  r e s u l t s  of a p r o j e c t  t h a t  i s  examining i f  
i t  i s  p o s s i b l e  t o  use environmental  v a r i a b l e s  t o  f o r e c a s t  a l b a c o r e  ca t ches  
i n  the  North P a c i f i c  by lo square and 2 weeks ahead. 
t he  da ta ,  we a r e  us ing  sea-surface tempera ture  (SST) and t h e  east-west and 
north-south components of t he  wind a s  our  environmental  v a r i a b l e s .  

For our  f i r s t  look  a t  

We use a technique t h a t  e m p i r i c a l l y  e s t i m a t e s  opt imal  t r ans fo rma t ions  
of the  v a r i a b l e s .  With a given a r e a ,  t h e s e  t r a n s f o r m a t i o n s  i n c r e a s e  the  
p r e d i c t a b i l i t y  by f i v e  t o  seven t imes  over  t h a t  of the  raw da ta .  The 
optimal t r ans fo rma t ions  show t h a t  f i r s t ,  i t  i s  t h e  environmental  c o n d i t i o n s  
before  f i s h i n g  t h a t  a r e  most important ,  not  t h e  c o n d i t i o n s  w h i l e  f i s h i n g .  
Second, i t  appears  t h a t  a l e v e l  of a n  i n d i v i d u a l  v a r i a b l e  (such a s  SST) i s  
not a s  important  a s  t h e  oceanographic  p r o c e s s  involved.  

F i n a l l y ,  we demonstrate t h a t  t h e  raw d a t a  w i l l  n o t  d e f i n e  f i s h i n g  
season, whi le  t h e  t ransformed da ta  produce ve ry  r e a l i s t i c  t ime s e r i e s ,  wi th  
wel l -def ined f i s h i n g  seasons.  
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SATELLITE REMOTE SENSING AND TUNA FISHERIES 

R. Michael Lanr s  
Southwest F i s h e r i e s  Center La J o l l a  Labora tory  

Nat iona l  Marine F i s h e r i e s  Se rv ice ,  NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

An overview of the p r e s e n t  expe r i ence  i n  us ing  of s a t e l l i t e  remote 
sensing i n  tuna r e sea rch  and i n  tuna  h a r v e s t i n g  o p e r a t i o n s  was d iscussed .  In 
a d d i t i o n  a review was g iven  of s a t e l l i t e  s e n s o r s  t h a t  a r e  planned f o r  t he  
f u t u r e  t h a t  w i l l  make ocean measurements. 

Twenty new ocean ic  s a t e l l i t e  s enso r s  a r e  planned f o r  launch  on e i g h t  
s a t e l l i t e s  over  t h e  next decade. Of t h i s  ensemble of sensors ,  t he  marine 
sc ience  and o p e r a t i o n s  communities w i l l  have a c c e s s  t o  a major  i n c r e a s e  i n  
the  prime ocean parameters  of sur f  ace winds, t empera tures ,  waves, color- 
der ived  c h a r a c t e r i s t i c s ,  c i r c u l a t i o n ,  c u r r e n t s ,  s e a  i c e  and i c e  shee t s ,  and 
geodet ic  information.  

P resen t ly ,  s h i p  and buoy sources  f o r  s u r f a c e  marine winds, temperature ,  
and waves produce 2 t o  5 thoasand r e p o r t s  pe r  day g l o b a l l y ,  and t h e  
s a t e l l i t e - d e r i v e d  sea-surf ace tempera tures  provide  30 t o  70 thousand sea  
su r face  r e t r i e v a l s  per  day. With the planned s a t e l l i t e s  and sensors ,  t he  
ensemble of ocean da ta  w i l l  i nc rease  t o  4 t o  5 m i l l i o n  r e t r i e v a l s  pe r  day. 
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POSSIBLE RELATIONSHIP BETWEEN EL NINO AND JAPANESE TUNA LONGLINE FISHING 

M. Pukinawa, T. Koido, and Z i r o  Suzuki  
Far  Seas  F i s h e r i e s  Research Labora to ry  

Shimizu 424 Japan  

It has  been r e p o r t e d  by t h e  Japanese  l o n g l i n e  b o a t s  t h a t  t h e i r  ca t ches  
of ye l lowf in  and bigeye t u n a s  were v e r y  good throughout  t he  t r o p i c a l  a r e a s  of 
t h e  t h r e e  oceans w i t h  va ry ing  magnitude from 1985 t o  1986. These phenomena 
a r e  unique cons ider ing  a genera l  decreas ing  t r e n d  of l o n g l i n e  hook r a t e s  f o r  
these two spec ie s  u n t i l  r ecen t  y e a r s .  

E l  NiGo e v e n t s  occur  i n  t h e  e q u a t o r i a l  P a c i f i c  every  s e v e r a l  y e a r s  and 
have become known t o  be a more g loba l  phenomenon ex tend ing  t o  t h e  wes tern  
t r o p i c a l  P a c i f i c .  As t h i s  phenomenon b r ings  about  l a r g e - s c a l e  changes i n  
oceanographic environments,  it h a s  been i n f e r r e d  t h a t  E l  Niiio might  have a 
s i g n i f i c a n t  impact on f i s h e r y  and popu la t ion  of y e l l o w f i n  and b igeye  tunas  
t h a t  have major d i s t r i b u t i o n a l  a r e a s  i n  t h e  t r o p i c s .  

In t h e  p re sen t  i n t e r i m  r e p o r t ,  E l  NiGo event  was i d e n t i f i e d  f o r  t he  
wes tern  t r o p i c a l  P a c i f i c  by the  changes of depth of s u r f a c e  mixed l a y e r  
(SML) which was assumed t o  have c lose  r e l a t i o n s h i p  w i t h  d i s t r i b u t i o n  of 
tunas.  The SML was c a l c u l a t e d  f o r  the  pe r iod  1965-83 from bathythermograph 
observa t ions  made mainly by Japanese r e s e a r c h  and f i s h e r i e s  t r a i n i n g  b o a t s  
and was compared t o  the c a t c h e s  of y e l l o w f i n  and bigeye t u n a s  taken  by the 
Japanese boa t s  from the  e q u a t o r i a l  P a c i f i c  dur ing  1952 t o  1985 ( p r e l i m i n a r y  
d a t a  f o r  1985). 

Deviat ion of t he  SML from average (1965-83) was i n  a range of +60 m t o  
-60 m. E l  NiZo y e a r s  r e p o r t e d  in t h e  pas t  accord  f a i r l y  we l l  w i t h  t h e  y e a r s  
w i t h  minus d e v i a t i o n  i n  the  p r e s e n t  study. For y e l l o w f i n  tuna  i n  the 
western e q u a t o r i a l  P a c i f i c ,  ca t ch  by cohor t  and hook r a t e s  by cohor t  appear  
t o  i n d i c a t e  t h a t  cohor t s  t h a t  o r i g i n a t e d  i n  t h e  E l  Nizo y e a r s  t e n d  t o  be 
b igger  t han  those  i n  o t h e r  y e a r s .  There seems no apprec iab le  tendency for 
hook r a t e s  i n  t h e  E l  Nizo y e a r s .  
P a c i f i c ,  hook r a t e s  appear  t o  be h ighe r  i n  t h e  El  Nizo yea r s .  However, l i k e  
the  y e l l o w f i n  tuna case  i t  seems more l i k e l y  t h a t  b igge r  cohor t s  tend  t o  
o r i g i n a t e  i n  t h e  El  Nizo yea r s .  

For bigeye tuna i n  t h e  e a s t e r n  e q u a t o r i a l  
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ARE EL NINO CONDITIONS RETURNING TO TEE EASTERN TROPICAL PACIFIC? 

F o r r e s t  R. M i l l e r  
Inter-American Trop ica l  Tuna Commission 
c / o  Sc r i p p s  I n s t i t u t i o n  of Oce an0 g r  aphy 

La J o l l a ,  C a l i f o r n i a  92093 

I n  February 1986 the Climate Analys is  Center  (CAC) of the  U.S. Nat iona l  
Weather Serv ice  i s sued  a s ta tement  i n  i t s  monthly p u b l i c a t i o n  which s t a t e d :  

"During the p a s t  few months, monitor ing has  shown t h a t  f o r  t he  
f i r s t  t ime s ince  t h e  major 1982-83 E l  NiZo-Southern O s c i l l a t i o n  
(ENSO) event  the  p a t t e r n  of sea-surface tempera ture  (SST) 
anomalies i n  t h e  t r o p i c a l  P a c i f i c  i s  c o n s i s t e n t  w i t h  t h e  i n c i -  
p i e n t  s t a g e s  of an E l  Nizo.... I n  l i g h t  of t h e  c u r r e n t  t r e n d  i n  
the SST anomaly p a t t e r n ,  and i n  view of t he  f a c t  t h a t  4 y e a r s  
have e l apsed  s ince  t h e  beginning of the l a s t  E l  NiGo even t ,  it 
seems prudent t o  c a l l  a t t e n t i o n  t o  these  c o n d i t i o n s  i n  t h e  form 
of an E l  Nizo Watch, covering t h e  p e r i o d  February-April  1986." 

During the p a s t  25 y e a r s  t h a t  the Tuna Commission has  been moni tor ing  
SST's i n  t h e  e a s t e r n  t r o p i c a l  P a c i f i c  (ETP) t h e r e  have been numerous 
occas ions  dur ing  the  a u s t r a l  (Southern  Hemisphere) summer t h a t  t he  SST's 
have become h igher  than normal. T h i s  u s u a l l y  occur s  o f f s h o r e  from southern  
Ecuador t o  c e n t r a l  Peru westward t o  a l i n e  ex tend ing  sou th  from the  
Gi l ipagos  I s l ands .  
anomalies <2OC remain unchanged f o r  s eve ra l  months, and then  the  SST's 
r e t u r n  toward normal by the  end of  the a u s t r a l  w i n t e r .  I n  some y e a r s ,  
however, the p o s i t i v e  anomalies i n c r e a s e  and expand t o  t h e  Equator  and 
eastward t o  t h e  coas t  of Peru. T h i s  t a k e s  p l ace  e i t h e r  a t  the  beginning of 
t he  a u s t r a l  summer, a s  i n  1982, o r  a t  the end of the  southern  summer from 
February t o  Apr i l ,  a s  i n  1969, 1972, and 1976. E l  Nizo ep i sodes  wi th  
vary ing  degrees  of i n t e n s i t y  occurred  i n  those  y e a r s .  

Daring most y e a r s  i n  t h i s  o f f s h o r e  r e g i o n  p o s i t i v e  SST 

The ocean warming t h a t  developed a long  t h e  c o a s t  of n o r t h e r n  Peru 
during the  a u s t r a l  summer of 1985-86 was no t  w e l l  o rganized  o r  expansive.  
There had been cont inuous upwell ing of colder-than-normal wa te r  a long t h e  
Equator dur ing  the  f i r s t  q u a r t e r  of  1986 from long.  looo t o  16OOW a s  the  
southeas t  t radewinds induced good ocean mixing. There have been SST's up t o  
1 ° C  above normal southeas t  of t he  G h i p a g o s  I s l a n d s ,  and a p p a r e n t l y  the  warm 
water  south of the  Gi l ipagos  has  c r e a t e d  good y e l l o w f i n  tuna f i s h i n g  
r ecen t ly .  This  c o n d i t i o n  occurred  e a r l y  i n  1975 a l s o ,  1 y e a r  be fo re  the 
weak E l  NiZo of 1976. Between long. 16OOW and 160°E i n  t h e  e q u a t o r i a l  
r e g i o n  the SST's have been up t o  2OC above normal i n  some p l a c e s  f o r  s eve ra l  
months. The e a s t e r l y  winds have been much weaker than  normal i n  t h i s  
reg ion ,  and upwelling has  been minimal. The CAC had expressed  p a r t i c u l a r  
concern about warming i n  t h i s  r e g i o n  i n  i s s u i n g  i t s  E l  NiGo watch s ta tement .  
As t h e  a n s t r a l  summer of 1985-86 ended, no E l  Nizo had developed i n  t h e  ETP. 
There had been no organized and expanding a r e a s  of p o s i t i v e  SST anomalies ,  
and most a r e a s  of  t h e  ETP had near-normal SST's. The Southern O s c i l l a t i o n  
Index had not  r e f l e c t e d  t h e  r a p i d  (pre-El Nizo) r i s e ,  and t h e  sea l e v e l  
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remained below normal along the c o a s t s  of Ecuador and Peru. I n  a d d i t i o n ,  
heavy r a i n s  i n  B o l i v i a  and t h e  e a s t  s i d e  of the  Andes Mountains, which have 
occurred r e c e n t l y ,  were a s s o c i a t e d  wi th  non-El NiZo cond i t ions .  Therefore  
whi le  i t  was prudent  for CAC t o  i s s u e  a n  E l  NiZo watch, it is c l e a r  t h a t  an  
E l  NiZo i s  no t  imminent. 
ETP, which may l e a d  t o  a n  E l  Nizo, w i l l  not appear  u n t i l  t he  beginning  or  
end of the  1986-87 a u s t r a l  summer. In May 1986 the  CAC c a l l e d  o f f  t he  E l  
NiZo watch. 

It i s  q u i t e  l i k e l y  t h a t  l a rge - sca l e  warming i n  t h e  
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HORIZONTAL AND VERTICAL MOVEMENT PATTERNS OF 
FAD-ASSOCIATED YlZLOWFIN TUNA 

K i m  N. Holland 
Hawaii I n s t i t u t e  of Marine Biology 

Unive r s i ty  of Hawaii 
Honolulu, Hawaii 96822 

and 
Richard W. B r i l l  and Randolph IC. C. Chang 

Southwest F i s h e r i e s  Center Honolulu Labora tory  
Nat iona l  Marine F i s h e r i e s  S e r v i c e ,  NOAA 

Honolulu, Hawaii 96822-2396 

The v e r t i c a l  and h o r i z o n t a l  movements of tuna-assoc ia ted  w i t h  f i s h  
aggrega t ion  dev ices  (FAD's) and i s l a n d  c o a s t l i n e  f e a t u r e s  have been moni- 
t o r e d  us ing  depth  s e n s i t i v e  u l t r a s o n i c  t r a n s m i t t e r s .  Opera t ing  c o s t s  have 
been minimized by adapt ing  t r a c k i n g  technology f o r  use aboard a small  
ves se l .  T h i r t e e n  y e l l o w f i n  tuna ,  Thunnus a l b a c a r e s ,  and two bigeye tuna ,  1. 
obesus, have been t racked .  Acqu i s i t i on  of r e p l i c a t e  t r a c k s  (average 
du ra t ion  40 hours)  has  allowed behaviora l  t r e n d s  t o  become apparent .  

The behavior  of y e l l o w f i n  tuna  a s s o c i a t e d  w i t h  FAD's i s  very  s i m i l a r  t o  
t h a t  e x h i b i t e d  by f i s h  of t h a t  s p e c i e s  when they  a r e  found i n  a s s o c i a t i o n  
wi th  i s l a n d  c o a s t l i n e  topography. That i s ,  the  f i s h  a r e  very  t i g h t l y  asso- 
c i a t e d  wi th  t h e s e  f e a t u r e s  dur ing  the day and make excur s ions  away from them 
a t  night .  The average l e n g t h  of t hese  excur s ions  i s  5 .3  nmi). Analys is  of 
p r e f e r r e d  tempera tures  of y e l l o w f i n  tuna  i n d i c a t e  t h a t  85% of d a y l i g h t  
hours  i s  spent  i n  t h e  mixed l a y e r  (45%) and t o p  t h r e e  degrees  of t he  
thermocline.  The h igh  inc idence  of y e l l o w f i n  t u n a  along the  75 m (40- 
fathom) contour  i n  Hawaii may r e s u l t  from the  i n t e r s e c t i o n  of t h e  
thermocl ine w i t h  t h e  i s l a n d  topography. The FAD's t h u s  appear t o  mimic the  
inf luence  of c o a s t l i n e  topography on t h e  behavior  of y e l l o w f i n  tuna .  
Impl i ca t ions  of t hese  d a t a  f o r  FAD deployment s t r a t e g i e s  a r e  t h a t  t o  be 
most e f f e c t i v e ,  FAD's should be l o c a t e d  a t  l e a s t  5 .5  mi, and p r e f e r a b l y  
over  11 mi,  from the n e a r e s t  75 m (40-fathom) contours .  T r o l l i n g  a l l e y s  
could be c r e a t e d  by p lac ing  ad jacen t  buoys approximately 10 m n i  a p a r t .  
Subsurface buoys should be a s  e f f e c t i v e  a s  s u r f a c e  buoys f o r  aggrega t ing  
ye l lowf in  tuna.  
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CARDIOVASCULAR AND RESPIRATORY RESPONSES OF SKIPJACK AND 
YELLOWFIN TUNAS EXPOSED TO BRIEF PERIODS OF LOW AMBIENT OXYGEN 

P e t e r  G. Bushnel l  
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Honolulu, Hawaii 96822 
and 

Richard M. B r i l l ,  and Robert  E. Bourke 
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Nat iona l  Marine F i s h e r i e s  S e r v i c e ,  NOAA 
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Physical  c h a r a c t e r i s t i c s  of t h e  water  column a r e  important  i n  modeling 
d i s t r i b u t i o n ,  h a b i t a t ,  and gear  v u l n e r a b i l i t y  of tuna.  The Bark ley  model 
u t i l i z e s  water  temperature  and oxygen content  t o  p r e d i c t  the s i z e ,  l o c a t i o n ,  
and depth of the  s k i p j a c k  tuna,  Katsuwonus Delamis. h a b i t a t .  Work i n  t h e  
Nat ional  Marine F i s h e r i e s  Serv ice  (NMFS) Tuna Behavior  and Physiology Pro- 
gram has focused i n  r ecen t  y e a r s  on e v a l u a t i n g  t h e  phys io log ica l  corner- 
s tones  of t he  Barkley model. T h i s  t a l k  w i l l  concen t r a t e  on r e s e a r c h  being 
done t o  r e f i n e  t h e  model i n  terms of the  t o l e r a n c e  of s k i p j a c k  tuna  a s  w e l l  
a s  ye l lowf in  tuna ,  Thunnus a lbaca res ,  t o  low ambient oxygen (hypoxia) .  

Previous e s t i m a t e s  of  low oxygen t o l e r a n c e  i n  tuna ,  which a r e  o b l i g a t e  
ram-vent i la tors ,  were based on dea th  or changes i n  swimming speed. These 
methods i n d i c a t e d  a response t o  hypoxia only a t  l e v e l s  below 90 mm Hg, and a 
marked d i f f e r e n c e  i n  s e n s i t i v i t y  between y e l l o w f i n  and s k i p j a c k  tunas .  The 
cu r ren t  experiments  a r e  designed t o  more a c c u r a t e l y  eva lua te  t h e  animals '  
response t o  hypoxia by d i r e c t l y  measuring c a r d i o r e s p i r a t o r y  changes.  

Tunas were anes the t i zed ,  instrumented,  and p o s i t i o n e d  i n  a wa te r  stream 
flowing a t  a v e l o c i t y  equ iva len t  t o  a t u n a ' s  normal swimming speed ( 2  b l / s ) .  
A sp ina l  i n j e c t i o n  of lydoca ine  H C l  prevented t a i l  f l e x i o n  but  l e f t  the  
r e s p i r a t o r y  appara tus  undis turbed ,  thus  al lowing the  f i s h  t o  c o n t r o l  i t s  own 
v e n t i l a t i o n  volume. Tuna 's  were then  exposed t o  b r i e f  pe r iods  (1-2 minutes)  
of hypoxia (140-150 mm H g ) ,  p r e sen ted  i n  a random sequence of 20 mm Hg 
s teps .  Measurements were made da r ing  a c o n t r o l  p e r i o d  immediately p r i o r  t o  
hypoxic exposure, during hypoxia a f t e r  the oxygen t e n s i o n  had s t a b i l i z e d ,  
and immediately fo l lowing  r e t u r n  t o  normoxia. Phys io log ica l  parameters  

measured by eye or impedance e l e c t r o d e s  glued t o  t h e  snout;  h e a r t  r a t e :  and 
ca rd iac  output ,  measured w i t h  an  u l t r a s o n i c  Doppler flow probe glued t o  the 
t i s s u e  on t h e  i n s i d e  of t h e  g i l l  c a v i t y  d i r e c t l y  over  t h e  v e n t r a l  ao r t a .  

L measured included:  v e n t i l a t i o n  volume, measured by dye d i l u t i o n ;  gape, 

We found tuna t o  be more s e n s i t i v e  t o  the  p a r t i a l  p re s su re  of oxygen i n  
the  surrounding wa te r  t h a n  p rev ious ly  i n d i c a t e d  by t e s t s  based on l e t h a l i t y  
or change i n  swimming speed. 
Hg) , compensatory c a r d i o r e s p i r a t o r y  ad jus tments  a r e  i n i t i a t e d .  The f i r s t  
response i s  a n  inc rease  i n  mouth gape and v e n t i l a t i o n  volume, which i s  
accompanied by r educ t ion  of h e a r t  r a t e  (b radyca rd ia )  a s  hypoxia becomes more 
severe.  Cardiac ou tpu t  i s  main ta ined  by i n c r e a s i n g  s t r o k e  volume u n t i l  
water  P02 f a l l s  t o  95 mm Hg, whereupon c a r d i a c  o u t p u t  a l s o  beg ins  t o  

When exposed t o  mi ld  hypoxia (Po2 = 125 mm 
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decrease.  Skip jack  tuna show a s t r o n g e r  b radyca rd ia  and a sma l l e r  change i n  
gape and v e n t i l a t i o n  volume than  y e l l o w f i n  tuna.  T h i s  may be a r e s u l t  of 
t h e i r  s i g n i f i c a n t l y  h igher  r e s t i n g  h e a r t  r a t e ,  gape, and v e n t i l a t i o n  volume. 

Recent t r a c k i n g  da ta  c o l l e c t e d  by Holland e t  a l .  i n d i c a t e s  t h a t  yellow- 
f i n  tuna tend  t o  l i m i t  themselves  t o  shallow depths  where t h e  oxygen p a r t i a l  
p ressure  i s  g r e a t e r  than  125 mm Hg. This i s  a n  i n d i c a t i o n  t h a t  moderate 
hypoxia, w e l l  above t h e  lower l e t h a l  l i m i t ,  can have a n  impact on f i s h  
d i s t r i b u t i o n .  The impl i ca t ions  t o  the  Barkley model, which i s  based on 
lower l e t h a l  oxygen limits, a r e  ve ry  important.  A f u t u r e  s tudy w i l l  measure 
the  a c t u a l  blood oxygen l e v e l s  of t una  exposed t o  hypoxia and w i l l  provide 
t h e  most accu ra t e  assessment of t he  t u n a ' s  t o l e r a n c e s  t o  low oxygen. When 
t h i s  in format ion  i s  combined w i t h  work t o  be c a r r i e d  ou t  on e f f e c t  of 
temperature  on hypoxia t o l e r a n c e ,  we w i l l  be a b l e  t o  b e t t e r  unders tand  t h e  
phy s i  010 g i c a l  phenomena under ly ing  h a b i t a t  s e l  e c t ion,  na t ur a1 mort a1 i ty ,  
and gear v u l n e r a b i l i t y  of y e l l o w f i n  and s k i p j a c k  tunas .  

4 
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Environmental hypoxia has  been shown t o  e l i c i t  bo th  r e s p i r a t o r y  and 
card iovascular  responses ,  of v a r y i n g  magnitude, i n  a l l  f i s h  t h a t  have been 
s tud ied  t o  date .  Whereas the  v e n t i l a t o r y  response  i n  t e l e o s t  f i s h  i s  
s t rong,  c o n s i s t i n g  of i nc reases  i n  both r e s p i r a t o r y  frequency and t i d a l  
volume, v e r y  l i t t l e  response i s  shown by elasmobranch f i s h .  Although t h e r e  
i s  some evidence t o  impl ica te  t h e  pseudobranch of t e l e o s t  f i s h  a s  a p o s s i b l e  
r ecep to r  s i t e  involved i n  the  v e n t i l a t o r y  response ,  most d a t a  i m p l i c a t e s  
p u t a t i v e  a r t e r i a l  chemoreceptors, poss ib ly  l o c a t e d  w i t h i n  t h e  c e n t r a l  
nervous system. 

The ca rd iac  response t o  environmental  hypoxia, i n  both  elasmobranchs 
and t e l e o s t s ,  c o n s i s t s  of an  immediate, i n t e n s e  bradycard ia  accompanied by 
an  inc rease  i n  ca rd iac  s t r o k e  volume. Often,  i n  t e l e o s t s ,  these  changes a r e  
evenly matched and thus  produce l i t t l e  change i n  c a r d i a c  output .  In elasmo- 
branchs,  the  r e c e p t o r s  involved  i n  producing t h i s  response a r e  d i f  f u s e l y  
spread  throughout the orobranchia l  and pa rab ranch ia l  c a v i t i e s  and a r e  inner- 
va t ed  by c r a n i a l  nerves  V, V I I ,  IX, and X. In t e l e o s t s ,  they a r e  p r i m a r i l y  
confined t o  the  f i r s t  g i l l  a rch  and inne rva ted  by c r a n i a l  nerves  IX and X. 

Although the  general  l o c a t i o n  and i n n e r v a t i o n  of the  r e c e p t o r s  involved 
i n  these c a r d i a c  responses  have been desc r ibed  i n  elasmobranchs and t e l e o s t s ,  
nothing i s  known of t h e i r  exact  l o c a t i o n  o r  response  c h a r a c t e r i s t i c s .  

In the  p re sen t  study, we have r eco rded  a f f e r e n t  impulses from the Xth 
c r a n i a l  nerve inne rva t ing  t h e  f i r s t  g i l l  a r ch  of t h e  y e l l o w f i n  tuna ,  Thunnus 
a lbaca res ,  i n  v i t r o .  The r e s u l t s  demonstrated the  presence of 02 s e n s i t i v e  

decreas ing  p e r f u s i o n  r a t e ,  decreas ing  p e r f u s i o n  Po2 and, i n  most f i b e r s ,  
t o  decreas ing  e x t e r n a l   PO^. F i b e r s  responding t o  environmental  hypoxia 
e x h i b i t e d  a n  exponent ia l  i n c r e a s e  i n  d ischarge  t o  decreas ing  e x t e r n a l  Po2 
w i t h  a s e n s i t i v i t y  s i m i l a r  t o  t h a t  e x h i b i t e d  by c a t  c a r o t i d  body chemo- 
r e  cept  o r  s . 

i r ecep to r s  i n  t h i s  a r c h  which inc reased  t h e i r  d i scha rge  i n  response  t o  

Burs t ing  d ischarge  was p r e v a l e n t  i n  many of t h e  a f f e r e n t  f i b e r s  recorded  
from i n  t h i s  study. Although s e v e r a l  r e c o r d i n g s  r evea led  f i b e r s  e x h i b i t i n g  
f r equen t ,  small  b u r s t s  of a c t i v i t y ,  most showed s u b s t a n t i a l  b u r s t s  of over 50 
sp ikes ,  the b u r s t s  occu r r ing  from 10 seconds t o  1 minute a p a r t .  The normal 
s t imulus modal i ty  of most of t hese  f i b e r s  does n o t  appear  t o  be low O2 o r  
mechanical deformation of the g i l l  f i l amen t s .  F i s h  g i l l s  a r e  known t o  show a 
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high degree of i n t r i n s i c  vasomotion, and t h u s  a v a r i e t y  of s t i m u l i  a s s o c i a t e d  
w i t h  smooth muscle c o n t r a c t i o n  and r e l a x a t i o n ,  changes i n  v e s s e l  flow, or 
l o c a l  changes i n  blood gas  o r  m e t a b o l i t e  c o n c e n t r a t i o n  remain a s  p o s s i b l e  
sources  of rhythmic s t imu l i .  Approximately 20% of the  b u r s t i n g  f i b e r s  
recorded from were s e n s i t i v e  t o  lowered Po2 i n  e i t h e r  t h e  ba th ing  o r  perfu-  
s i o n  f l u i d s .  Whether the b u r s t i n g  phenomenon seen  i n  t h e s e  f i b e r s  under 
normoxic cond i t ions  r e p r e s e n t s  a rhythmic change i n  l o c a l  p e r f u s i o n  and hence 
c y c l i c  change i n  l o c a l  P m ,  a l s o  remains s p e c u l a t i v e .  

w Although t h e  evidence i s  i n d i r e c t ,  t h e  d a t a  sugges t  t h a t  t he  most l i k e l y  
l o c a t i o n  of the  02 s e n s i t i v e  r e c e p t o r s  recorded  from i n  t h i s  s tudy  is i n  
c lose  a s s o c i a t i o n  w i t h  t h e  g i l l  v a s c u l a t u r e .  
s e n s i t i v e  r e c e p t o r s  ( b u r s t i n g  and nonburs t ing)  were s e n s i t i v e  t o  changes i n  
pe r fus ion  flow o r  per fus ion  f l u i d  P02, not  a l l  were s e n s i t i v e  t o  changes i n  
the Pm of the  ba th ing  s o l u t i o n  i f  adequate p e r f u s i o n  was maintained.  
Secondly, t he  speed of response of these  f i b e r s  t o  changes i n  p e r f u s i o n  flow 
or Pm was extremely r ap id ,  r e g a r d l e s s  of l e v e l s  of Po2 of the ba th ing  
so lu t ion .  
so lu t ion ,  on the  o t h e r  hand, was g e n e r a l l y  slow. The r a p i d  and dramat ic  
increase  i n  r e c e p t o r  d i scharge  a s s o c i a t e d  w i t h  c e s s a t i o n  of  p e r f u s i o n  or 
r educ t ion  i n  p e r f u s i o n  f l u i d  Pm f u r t h e r  s u g g e s t s  t h a t  t h e  me tabo l i c  r a t e  of 
r ecep to r  c e l l s  or surrounding t i s s u e  i s  h igh  and t h u s  l o c a l  Po2 f a l l s  r a p i d l y  
when pe r fus ion  flow decreases .  A s  w i t h  the  o v e r a l l  s e n s i t i v i t y  of t hese  
r ecep to r s  t o  po2, these a d d i t i o n a l  c h a r a c t e r i s t i c s  a r e  a l s o  s i m i l a r  t o  those  
of mammalian c a r o t i d  body chemoreceptors. Taken t o g e t h e r  w i t h  the  phylo- 
gene t i c  evidence i n d i c a t i n g  t h a t  t he  b r a n c h i a l  a r t e r y  supplying t h e  f i r s t  
g i l l  a r c h  i n  t e l e o s t s  g ives  r i s e  t o  the c a r o t i d  a r t e r y  of mammals, t h i s  
evidence l ends  s t r o n g  suppor t  t o  t h e  hypo thes i s  t h a t  t h e  02 s e n s i t i v e  chemo- 
r e c e p t o r s  l o c a t e d  i n  the  f i r s t  g i l l  a rch  of t e l e o s t s  a r e  homologous t o  t h e  
c a r o t i d  body chemoreceptors of h ighe r  v e r t e b r a t e s .  

To b e g i n  wi th ,  a l though a l l  O2 

The i r  response (when p r e s e n t )  t o  changes i n  t h e  Po2 of the  ba th ing  

Specu la t ion  a s ide ,  t h i s  study does demonstrate  the  presence of 02 Sensi- 
t i v e  r e c e p t o r s  i n  t h e  f i r s t  g i l l  a r ch  of tuna w i t h  response c h a r a c t e r i s t i c s  
adequate t o  provide the  a f f e r e n t  l imb f o r  the c a r d i a c  responses  shown by t h i s  
spec ies ,  and o t h e r  f i s h e s ,  t o  environmental  hypoxia. 

Acknowledgments. T h i s  r e s e a r c h  was suppor ted  by the  Natura l  Sc iences  
and Engineer ing Research Council of Canada. 
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Based on d e t a i l e d  amino a c i d  ana lyses  and on prev ious  s t u d i e s  of 
metabol i te  changes dur ing  o n l i n e  swimming of tuna ,  a new model of the  
e t i o l o g y  of bu rn t  muscle i s  developed. 
white  muscle (developing i n i t i a l l y  during c a p t u r e )  l e a d s  t o  a metabol ic  
co l l apse ,  t o  a drop i n  ATP concen t r a t ion ,  t o  a consequent opening of ATP- 
dependent & channels ,  w i t h  a n  e f f l u x  of @, and thus  t o  a c o l l a p s e  of 
membrane p o t e n t i a l .  When t h e  membrane p o t e n t i a l  f a l l s  f a r  enough t o  open 
voltage-dependent Ca++ channels ,  Ca++ i n f l u x  o c c u r s  l e a d i n g  t o  e l e v a t e d  Ca++ 
concen t r a t ions  i n  the cy toso l .  Th i s  process  i s  augmented by s imultaneous 
movement of Ca" from sarcoplasmic  r e t i cu lum (SR) and from mi tochondr ia  i n t o  
the cy toso l ,  and by Na+-stimulated Na+/Ca++ exchange. A t  h igh  i n t r a c e l l u l a r  
concent ra t ions ,  Ca++ can be devas t a t ing .  One of i t s  more no tab le  e f f e c t s  
involves  the  a c t i v a t i o n  of Ca++-dependent p r o t e a s e s ,  which p r e f e r e n t i  a l l y  
t a r g e t  key components of the  c o n t r a c t i l e  machinery ( t r o p o n i n s ,  tropomyosin, 
C-protein, M-protein, Z-discs, a - ac t in )  and thus  cause disassembly of 
myofilaments p r i o r  t o  any s i g n i f i c a n t  h y d r o l y s i s  of myosin or a c t i n i n .  This  
process  i s  a u t o c a t a l y t i c  i n  t h e  sense t h a t  Ca++-activated p r o t e a s e s  may ac t  
upon SR, thus  inc reas ing  Na+/Ca++ exchange, and u l t i m a t e l y  adding more Ca 
t o  the  c y t o s o l i c  pool .  According t o  t h i s  model, t h e  d i f f e r e n c e s  between 
bu rn t  and unburnt r eg ions  of t h e  myotome i s  simply due t o  how f a r  each r e g i o n  
has  moved a long  t h i s  s e l f - d e s t r u c t i v e ,  a u t o c a t a l y t i c  pathway. The model i s  
h e l p f u l  i n  exp la in ing  p rev ious ly  perp lex ing  da ta  and i n  making u s e f u l  ( i . e . ,  
measurable) p r e d i c t i o n s  f o r  f u r t h e r  s t u d i e s  of t h i s  important  problem. 

According t o  t h i s  model, 02 l a c k  t o  

++ 
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Tuna a re  capable  of ou t s t and ing  a t h l e t i c  performances.  Not on ly  can 
6 they  s u s t a i n  moderate speeds over  extremely long d i s t a n c e s ,  bu t  t hey  can a l s o  

r e a c h  v e r y  high b u r s t  swimming v e l o c i t i e s .  These unusual c a p a b i l i t i e s  must 
be supported by adequate metabol ic  a d a p t a t i o n s  which should inc lude  f a s t  
f l u x e s  of f u e l s  t o  the working muscles  dur ing  a e r o b i c  endurance swimming a s  
w e l l  a s  f a s t  f l u x e s  of anaerobic  end p roduc t s  t o  t h e i r  s i t e s  of ca tabol i sm 
during recovery from b u r s t  e x e r c i s e .  

Unfor tuna te ly ,  most of t h e  in fo rma t ion  p r e s e n t l y  a v a i l a b l e  r ega rd ing  
e x e r c i s e  and recovery i n  f i s h  only  d e a l s  w i t h  m e t a b o l i t e  concen t r a t ions .  The 
measurement of metabol i te  f l u x e s  i s  r e q u i r e d  i f  we want t o  unders tand  f u e l  
supply and end product catabol ism.  Therefore ,  the goal  of t h i s  s t u d y  was t o  
determine l a c t a t e  and glucose turnover  r a t e s  i n  t h e  blood of s k i p j a c k  tuna.  
L a c t a t e  was chosen because of i t s  recognized key r o l e  i n  t h e  metabolism of 
e x e r c i s i n g  animals  and a l s o  because previous  s t u d i e s  had shown t h a t  l a c t a t e  
metabolism of tuna  i s  ve ry  unusual.  One of the p e c u l i a r i t i e s  of t u n a  metabo- 
l i s m  r e s i d e s  i n  t h e  f a c t  t h a t  they  a r e  a b l e  t o  c l e a r  l a c t a t e  from t h e i r  blood 
s i x  t o  e i g h t  t imes  f a s t e r  t han  any o t h e r  f i s h  du r ing  recovery  from b u r s t  
swimming. Glucose was a l s o  i n v e s t i g a t e d  because i t  i s  t h e  o t h e r  main carbo- 
hydra te  f u e l  used by c o n t r a c t i n g  muscles  and because l a c t a t e  can be converted 
t o  glucose i n  t h e  l i v e r  a s  p a r t  of t he  so-cal led Cori  cyc le .  

Turnover r a t e s  were measured by bo lus  i n j e c t i o n  of r ad io - l abe led  
l a c t a t e  and glucose i n  c a t h e t e r i z e d  1-2 kg s k i p j a c k  tuna.  L a c t a t e  tu rnover  
r a t e s  ranged from 112 t o  431 vmol/min/kg and were c o r r e l a t e d  w i t h  blood 
l a c t a t e  concent ra t ion .  Af t e r  c o r r e c t i n g  f o r  t h e  e f f e c t s  of body mass and 
temperature,  tuna showed h ighe r  l a c t a t e  t u rnove r  r a t e s  t han  r e p o r t e d  f o r  
mammalian spec ies .  Glucose tu rnove r  r a t e  averaged 15.3 pmol/min/kg i n  tuna ,  
a va lue  s i m i l a r  t o  mammalian r a t e s  b u t  about  10 t imes  h ighe r  t han  what has  
been measured i n  o t h e r  t e l e o s t s  i nc lud ing  ano the r  fast-swimming f i s h ,  the  
coho salmon. 

Even t h e  h ighes t  l a c t a t e  t u rnove r  r a t e  measured i n  tuna  cannot  e x p l a i n  
the  very sho r t  time these  animals  r e q u i r e  t o  c l e a r  l a c t a t e  from t h e i r  blood. 
Th i s  s t r o n g l y  sugges ts  t h a t  not  a l l  l a c t a t e  accumulated i n  t h e  wh i t e  muscle 
mass of a n  exhausted tuna p a s s e s  v i a  the blood dur ing  recovery  from b u r s t  
swimming. Indeed, a s i g n i f i c a n t  p o r t i o n  of t h i s  l a c t a t e  l oad  has  t o  be 
metabol ized d i r e c t l y  i n  wh i t e  muscle. In a d d i t i o n ,  v e r y  l i t t l e  l a b e l e d  
l a c t a t e  was converted t o  glucose sugges t ing  t h a t  t he  Cori  cyc le  i s  no t  an  
important pathway f o r  l a c t a t e  metabolism dur ing  recovery  i n  tuna.  

This  s tudy demonstrates  some of t he  most impor tan t  me tabo l i c  adapta- 
t i o n s  al lowing tuna t o  be such ou t s t and ing  a t h l e t e s .  It not on ly  improves 
our understanding of tuna b io logy  per  se ,  bu t  a l s o  emphasizes t h e  f a c t  t h a t  
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scombrids r ep resen t  an  inva luab le  model €or r e s e a r c h  i n  e x e r c i s e  physiology 
and biochemistry.  

The study was c a r r i e d  out  a t  t h e  Kewalo Research F a c i l i t y  (Southwest 
F i s h e r i e s  Center  Honolulu Labora to ry ) ,  and t h i s  pape r  i s  based on a r e c e n t l y  
publ i shed  a r t c l e .  (J.-M. Weber, R, W. B r i l l ,  and P. W. Hochachka. 1986. 
Mammalian m e t a b o l i t e  f l u x  r a t e s  i n  a t e l e o s t :  L a c t a t e  and glucose t u r n o v e r  
in tuna. Am. J. Physiol .  250:R452-R458.) 
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Many s p e c i e s  of  l a r g e  p e l a g i c  f i s h e s  and s h a r k s  a r e  a b l e  t o  ma in ta in  
warm b r a i n  and eye temperatures .  Tunas and mackerel  sharks  a r e  w e l l  known 
f o r  t h e i r  a b i l i t y  t o  ma in ta in  warm muscle tempera tures .  I n  a d d i t i o n ,  they  
a r e  a l s o  a b l e  t o  ma in ta in  b r a i n  tempera tures  up t o  14OC above wa te r  tem- 
pera ture .  Tunas and mackerel sha rks  have v a s c u l a r  coun te rcu r ren t  h e a t  
exchangers l o c a t e d  i n  t h e  c i r c u l a t i o n  t o  t h e  b r a i n  and eye. The presence of 
the v a s c u l a r  networks i n  the c e r e b r a l  c i r c u l a t i o n  a l lows  t h e s e  f i s h  t o  
conserve h e a t  t h a t  i s  c o n s t a n t l y  being gene ra t ed  i n  t h e  a e r o b i c  ( r e d )  swim-  
ming muscles. 

B i l l f i s h e s  a r e  a l s o  a b l e  t o  s e l e c t i v e l y  warm t h e  b r a i n  and eyes ,  but  
t h e i r  muscle and v i s c e r a  remain a t  water  temperature .  Marl ins ,  s a i l f i s h e s ,  
and s p e a r f i s h e s  captured  on hook and l i n e  have t empera tu res  i n  t h e  b r a i n  and 
eyes up t o  7OC above the  ambient water  temperature .  Other  r e s e a r c h e r s  have 
shown t h a t  b r a i n  tempera ture  i n  swordfish can be a s  much a s  14OC above water  
temperature.  The b i l l f i s h e s  do n o t  have t h e  h igh  p r o p o r t i o n  of a e r o b i c  
muscle f i b e r s  i n  t h e i r  body musculature  and do n o t  m a i n t a i n  t h e  e l e v a t e d  
whole body tempera tures  a s s o c i a t e d  w i t h  the  warm t u n a s  and mackerel sharks .  
To warm the  b r a i n  and eye an  unusual hea t -genera t ing  t i s s u e  i s  p re sen t  
beneath the b ra in .  The heat-producing o r  thermogenic t i s s u e  i s  a h ighly  
modified eye muscle. Only a p o r t i o n  of t h i s  eye muscle con ta ins  normal 
s k e l e t a l  muscle t i s s u e ;  t h e  r e s t  c o n s i s t s  of a novel  muscle t i s s u e  t h a t  i s  
modified f o r  h e a t  gene ra t ion  and n o t  con t r ac t ion .  Both the  s t r u c t u r e  and 
the biochemistry of t h i s  muscle t i s s u e  i s  v e r y  d i f f e r e n t  from t h a t  of normal 
s k e l e t a l  muscle. A l a r g e  v a s c u l a r  h e a t  exchanger i s  a s s o c i a t e d  w i t h  t h e  
thermogenic t i s s u e  thus prevent ing  the convect ive d i s s i p a t i o n  of t h e  h e a t  a t  
the g i l l s .  The thermogenic t i s s u e  provides  a warm supply of blood t o  t h e  
b r a i n  and eye. 

Other f i s h e s  (opah) and sha rks  ( t h r e s h e r )  have unusual anatomical  
a r r a y s  i n  the c e r e b r a l  and o r b i t a l  c i r c u l a t i o n  t h a t  probably serve  t h e  
func t ion  of b r a i n  and eye warming. A thermogenic t i s s u e  i s  a l s o  p re sen t  i n  
one scombrid f i s h ,  the b u t t e r f l y  mackerel. The independent  e v o l u t i o n  of 
b r a i n  and eye warming systems i n  many spec ie s  of p e l a g i c  f i s h e s  i n d i c a t e s  
t h a t  t h e r e  may be some advantage a s s o c i a t e d  w i t h  ma in ta in ing  neura l  t i s s u e s  
such a s  t h e  b r a i n  and eye above t h e  ambient wa te r  temperature .  

Given the  p e l a g i c  na tu re  of a l l  t h e s e  f i s h e s ,  i t  i s  d i f f i c u l t  t o  o b t a i n  
experimental  da t a  which can a d d r e s s  t h e  u t i l i t y  of having warm b r a i n s  and 
eyes. The main f u n c t i o n  of such e l a b o r a t e  p h y s i o l o g i c a l  mechanisms appears  
t o  be r e l a t e d  t o  keeping t h e  c e n t r a l  nervous system ( t h e  con t ro l  c e n t e r  of 
the body) a t  a cons t an t  warm temperature .  Th i s  should allow t h e  f i s h  t o  
make r a p i d  v e r t i c a l  excurs ions  i n t o  coo le r  w a t e r s  w i thou t  any ill e f f e c t s .  
In a d d i t i o n  i t  i s  poss ib l e  t h a t  t he  warming of t h e  eye i n  some way enhances 
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t he  a b i l i t y  of t h e  f i s h  t o  d e t e c t  a v i s u a l  s t imulus .  To examine t h i s  i n  
more d e t a i l ,  a p re l imina ry  study by Block, B r i l l ,  and Bushnel l  (unpubl i shed  
da ta )  was c a r r i e d  o u t  a t  the Kewalo Research F a c i l i t y  (Southwest F i s h e r i e s  
Center  Honolulu Labora tory)  on l i v e  s k i p j a c k  and y e l l o w f i n  tunas .  The s tudy 
was aimed a t  determining t h e  e f f e c t s  of r a p i d  tempera ture  changes on a 
simple measure of the  v i s u a l  response c a l l e d  t h e  e l e c t r o r e t i n o g r a m  (ERG). 
The ERG'S were recorded from tunas  by implant ing e l e c t r o d e s  on the  s u r f a c e  
of the  r e t i n a .  The r e s u l t s  suggest  t h a t  v i s i o n  i n  tuna  i s  s e n s i t i v e  t o  
temperature changes. Thus, warming of t h e  eye may be a n  advantage f o r  
pe l ag ic  p r e d a t o r s  a s  t hey  migrate  v e r t i c a l l y  through the  water  column, 
encounter ing r a p i d  temperature  changes i n  sea rch  of prey.  

s 
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REVISION OF THE FRIGATE TUNAS, GENUS AUXIS 

Bruce B. C o l l e t t e  

Nat ional  Marine F i s h e r i e s  Se rv ice ,  NOAA 
Washington, D. C. 20560 

Systematics  Laboratory,  Nat iona l  Museum of Natura l  H i s to ry  

B 

For many y e a r s  the  f r i g a t e  t u n a s  of the genus Auxis were cons idered  t o  
be one worldwide spec ie s ,  Auxis t haza rd  (Lacepsde) .  I n  1962, F i t c h  and 
Roedel showed t h a t  t h e r e  were two s p e c i e s  i n  the  P a c i f i c  and used the names 
- A. thazard  f o r  t h e  narrow-corseleted f r i g a t e  tuna and A. r o c h e i  ( R i s s o )  f o r  
t he  wide-corseleted f r i g a t e  tuna  o r  b u l l e t  tuna.  Use of the name _A. roche i  
was based upon t h e  suppos i t i on  t h a t  only one s p e c i e s  occur red  i n  t h e  Medi- 
t e r r anean  Sea and A t l a n t i c  Ocean. Subsequent work demonstrated t h a t  two 
spec ie s  occur  i n  t h e  A t l a n t i c ,  reopening t h e  q u e s t i o n  of  the  proper  name f o r  
the b u l l e t  tuna.  The wes te rn  A t l a n t i c  popu la t ion  of wide-corse le ted  f r i g a t e  
tuna d i f f e r s  from t y p i c a l  _A. r o c h e i  i n  having a narrower c o r s e l e t  ( u s u a l l y  
6-9 s c a l e s  wide under the  second d o r s a l  f i n  compared t o  8-19 i n  the  e a s t e r n  
A t l a n t i c  and Indo-Pac i f ic )  bu t  appea r s  b e s t  r e f e r r e d  t o  _A. roche i ,  probably 
a s  a separa te  subspecies .  F i t c h  and Roedel a l s o  showed t h a t  the  e a s t e r n  
P a c i f i c  popu la t ions  of both s p e c i e s  d i f f e r e d  s i g n i f i c a n t l y  from t h e  Indo- 
West P a c i f i c  populat ions.  These popu la t ions  appear  d i f f e r e n t i a t e d  a t  t h e  
subspecies  l e v e l .  The e a s t e r n  P a c i f i c  subspec ie s  of 4. t haza rd  has  more 
g i l l - r a k e r s  ( u s u a l l y  43-48 compared t o  u s u a l l y  38-42 i n  the  A t l a n t i c  and 
Indo-West P a c i f i c ) ,  thus ag ree ing  w i t h  _A. roche i .  The e a s t e r n  P a c i f i c  
subspec ies  of _A. roche i  h a s  a n  even wider  c o r s e l e t  ( u s u a l l y  more than  20 
s c a l e s  wide under the  second d o r s a l  f i n  compared t o  8-19 s c a l e s  i n  t h e  Indo- 
We s t  P a c i f i c )  . 

* 
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The s tandard  metabol ic  r a t e  ( S M R )  of f i s h e s  i s  t h e  me tabo l i c  r a t e  of a 
pos t abso rp t ive  animal completely a t  r e s t .  It t h e r e f o r e  r e p r e s e n t s  t h e  
energy demands of a l l  metabol ic  p rocesses  (e .  g., osmoregulat ion,  pumping the  
blood) except  swimming and d i g e s t i o n .  The SMR i s  a n  important  i n p u t  param- 
e t e r  t o  e n e r g e t i c s ,  growth, n a t u r a l  m o r t a l i t y ,  and popu la t ion  dynamics 
models. 

The SMR i s  u s u a l l y  determined by e x t r a p o l a t i n g  swimming speed-metabolic 
r a t e  curves  back t o  zero  swimming speed. However, t h i s  i s  not  p o s s i b l e  i n  
t r o p i c a l  tunas such a s  sk ip j ack ,  Katsuwonus Delamis, ye l lowf in ,  Thunnus 
a lbacares ,  and kawakawa, Euthvnnus a f f i n i s ,  which do not  su rv ive  w e l l  i n  a 
swimming tunnel .  The SMR of t r o p i c a l  tunas  were t h e r e f o r e  measured d i r e c t l y .  
I n d i v i d u a l s  were para lyzed  w i t h  a neuromuscular b lock ing  drug ( g a l  lamine 
t r i e t h i o d i d e )  t o  s t o p  a l l  ove r t  muscular a c t i v i t y  and t h e n  p l aced  i n  a s ea l ed  
box flow-through resp i rometer .  Measurements were cont inued  u n t i l  a f i s h ' s  
metabol ic  r a t e  remained s t a b l e  f o r  a t  l e a s t  1 hour. When compared t o  o t h e r  
a c t i v e  t e l e o s t s ,  such a s  salmon and t r o u t  of the  same body s i z e ,  t u n a s  have 
SMR's roughly four  t o  over s i x  t imes  h igher .  The h igh  SMR's of tunas  a r e  not 
an  a r t i f a c t  of the  system used t o  d i r e c t l y  measure SMR because,  u s ing  the  
same methodology, rainbow t r o u t ,  Salmo p a i r d n e r i ,  had SMR's n o t  s i g n i f i c a n t l y  
d i f f e r e n t  from the  SMR's es t ima ted  by e x t r a p o l a t i o n  of metabol ic  r a t e /  
swimming speed curves  back t o  z e r o  swimming speed. Since SMR is t h e  energy 
demand of f i s h  completely a t  r e s t ,  hydrodynamic d rag  c o n s i d e r a t i o n s  a r e  not  a 
f a c t o r .  Therefore ,  the main q u e s t i o n s  addressed  a r e  "why do t u n a s  have such 
high SMR's and what does t h i s  mean w i t h  r e s p e c t  t o  n a t u r a l  m o r t a l i t y  e s t i -  
mates and s t o c k  assessment models?u 

I hypothes ize  t h a t  h igh  SMR's of tunas  a r e  a d i r e c t  r e s u l t  of tunas '  
a b i l i t y  t o  achieve  e x c e p t i o n a l l y  h igh  maximum a e r o b i c  me tabo l i c  r a t e s  
(MMR's). The MMR's of tunas  a r e  approximately an o r d e r  of magnitude h ighe r  
t han  those of s lugg i sh  bottom dwel l ing  s p e c i e s  such a s  f lounde r  and approxi- 
mately four  t imes h igher  than  those  of a c t i v e  t e l e o s t s  such a s  salmon and 
t roEt .  The advantages t o  tuna of high MMR's i nc lude :  high s u s t a i n e d  c r u i s i n g  
speeds which allow l a rge  a r e a s  of t h e  ocean t o  be searched  f o r  food  pa tches ,  
r a p i d  d i g e s t i o n  of food and t h e r e f o r e  inc reased  frequency of f e e d i n g  bouts ,  
qu ick  repayment of oxygen deb t s  ( i , e . ,  r a p i d  l a c t a t e  metabol ism),  and h igh  
r a t e s  of somatic and gonadal growth. Tuna have evolved a l l  the  ana tomica l ,  
phys io logica l ,  and biochemical a d a p t a t i o n s  necessa ry  t o  achieve  e x c e p t i o n a l l y  
h igh  MMR's. These inc lude :  l a r g e  g i l l  s u r f a c e  a r e a s ,  t h i n  blood-water 
b a r r i e r  i n  t h e  g i l l s ,  high blood oxygen c a r r y i n g  c a p a c i t y  (i. e. ,  h igh hemato- 
c r i t  and h igh  hemoglobin l e v e l s ) ,  h igh  maximum c a r d i a c  output ,  e l e v a t e d  
muscle temperatures ,  high muscle myoglobin l e v e l s ,  high muscle mi tochondr ia  
dens i ty ,  and h igh  muscle a e r o b i c  enzyme a c t i v i t y  l e v e l s .  However, the "cos t"  
t o  tunas  of the  a b i l i t y  t o  ach ieve  e x c e p t i o n a l l y  high MMR's a r e  e x c e p t i o n a l l y  
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high SMR's. Large g i l l  su r f ace  a r e a s  r e s u l t  i n  h i g h  osmoregulatory energy 
c o s t s  even a t  r e s t .  Data on the SMR's and MMR's of o t h e r  t e l e o s t s  suppor t  
t h i s  hypothes is .  Sluggish bottom dwell ing s p e c i e s  such a s  f l a t f i s h  have low 
SMR's and MMR's: very  a c t i v e  f i s h e s  l i k e  t u n a s  have e x c e p t i o n a l l y  h igh  SMR's 
and MMR'st and a c t i v e  t e l e o s t s ;  such a s  salmon and t r o u t  have SMR's and MMR's 
in te rmedia te  between these  two extremes. 

The f i s h e r y  impl i ca t ions  of t h i s  hypo thes i s  i s  t h a t  models of tuna 
e n e r g e t i c s ,  n a t u r a l  m o r t a l i t y ,  o r  popu la t ion  dynamics should not inc lude  
e x p l i c i t  o r  i m p l i c i t  assumptions t h a t  tuna a r e  evolved f o r  maximally e f f i -  
c i e n t  use of energy r e sources .  C l e a r l y  they  a r e  not .  Rather ,  t una  a r e  
adapted f o r  maximum r a t e s  of energy throughout.  Therefore ,  t unas  a r e  capable  
of very high r a t e s  of growth and r ep roduc t ion ,  bu t  they a l s o  most l i k e l y  have 
very high r a t e s  of n a t n r a l  m o r t a l i t y .  

a 
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INTRODUCTION 

Of the  v a r i o u s  parameters  involved i n  tuna s t o c k  assessment ,  n a t u r a l  
m o r t a l i t y  (MI i s  t h e  most d i f f i c u l t  parameter t o  e s t ima te .  The sheer  numbers 
of i nd iv idua l s  i n  a l l  s tocks ,  combined wi th  the  v a s t  geographica l  ranges they  
occupy, make t r a d i t i o n a l  e s t i m a t i o n  procedures  d i f f  i c u l t .  I n  a d d i t i o n ,  from 
t h e  phys io logica l  s tandpoin t ,  e v a l u a t i o n s  of  t h e  mechanisms t h a t  r e p r e s e n t  
n a t u r a l  m o r t a l i t y  i n  tunas ,  and the  t imes dur ing  t h e  l i v e s  of i n d i v i d u a l  
t unas  t h a t  t h e  mechanisms may p r e v a i l ,  a r e  hampered f o r  s eve ra l  reasons.  For 
example, the tendency f o r  t u n a s  t o  hydrate  ( a s s i m i l a t e  wa te r )  when u n d e r  
nourished i n  o r d e r  t o  m a i n t a i n  t h e i r  hydrodynamic form makes t r a d i t i o n a l  
cond i t ion  f a c t o r s  meaningless.  And the  f a c t  t h a t  dead tunas  s i n k  makes 
necrops ies ,  such a s  might be conducted on b i r d s  o r  marine mammals, impossible.  

This  p r e s e n t a t i o n  was in t ended  t o  show how e s t i m a t e d  n a t u r a l  m o r t a l i t y  
e n t e r s  i n t o  popu la t ion  e s t i m a t i o n ,  how n a t u r a l  m o r t a l i t y  i s  e s t ima ted ,  what 
some of the problems a s s o c i a t e d  w i t h  the e s t i m a t i o n  procedures  a r e ,  and 
f i n a l l y ,  how v a r i a t i o n s  i n  n a t u r a l  m o r t a l i t y  a f f e c t  p r e d i c t e d  popu la t ions  
s i ze .  

M AND ITS ROLE I N  POPULATION STUDIES 

Natural  m o r t a l i t y  u s u a l l y  e n t e r s  i n t o  popu la t ion  s t u d i e s  through the use 
of a c l a s s  of models g e n e r i c a l l y  known a s  cohor t  models. Secondar i ly ,  the  
output  of these  cohor t  models may be used i n  o t h e r  assessments  such a s  y i e ld -  
per- r e c r n i  t or spawner- r e  c r u i  t ana l y  se s. 

The e a r l i e s t  cohor t  model c o n s i s t e d  simply of summing up t h e  ca t ch  of 
each age group i n  a given cohor t  and thus  f i n d i n g  t h e  minimum number of f i s h  
necessary t o  provide f o r  t h e  f i s h e r y .  Natural  m o r t a l i t y  was simply ignored. 
L a t e r  models i nc lude  a term f o r  M and, g iven  a n  e s t i m a t e  of hf and a catch-at- 
age v e c t o r ,  e s s e n t i a l l y  so lve  the  ca t ch  equa t ion  and t h u s  through ( u s u a l l y )  a n  
i t e r a t i v e  procedure f i n d  t h e  in s t an taneous  f i s h i n g  m o r t a l i t y  and popu la t ion  
s i z e  a t  each t ime s t ep .  

ESTIMATING M 

Natural  m o r t a l i t y  has  been e s t ima ted  by a v a r i e t y  of methods inc luding  
t ag  and r e l e a s e  s t u d i e s ,  a n a l y s i s  of catch-at-age d a t a ,  c o r r e l a t i o n  s t u d i e s  
involv ing  l i f e  h i s t o r y  parameters  and ecosystems modeling. Tagging s t u d i e s  
have not worked w e l l  f o r  some tuna spec ie s  because of low r e t u r n  r a t e s  which 
would i n d i c a t e  u n r e a l i s t i c a l l y  h i g h  v a l u e s  of n a t u r a l  m o r t a l i t y .  Es t ima tes  
based on ca tch  da ta  depend on t h e  p o s i t i v e  r e l a t i o n s h i p  between f i s h i n g  e f f o r t  
and t o t a l  m o r t a l i t y  and a r e  somewhat u se fu l .  However, concurren t  e f f o r t  and 
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t o t a l  m o r t a l i t y  da t a  a r e  f r e q u e n t l y  unava i l ab le  o r  t o o  v a r i a b l e  t o  y i e l d  
p rec i se  es t imates .  In a d d i t i o n ,  t hese  procedures  assume M t o  be cons tan t  over  
age. Comparative l i f e  h i s t o r y  approaches a t t empt  t o  c o r r e l a t e  n a t u r a l  m o r  
t a l i t y  wi th  one of severa l  l i f e  h i s t o r y  parameters  f o r  s e v e r a l  s p e c i e s  of 
(usua l ly )  c l o s e l y  r e l a t e d  f i s h .  The most popular  of t hese  c o r r e l a t i o n s  has  
involved M and the  parameter k from the  von B e r t a l a n f f y  equat ion.  The physi- 
o log ica l  b a s i s  f o r  t h i s  r e l a t i o n s h i p  i s  t h a t  t h e  f a s t e r  a f i s h  grows the  
sooner i t  d i e s  and because t h e  parameter  k de te rmines  t h e  r a t e  a t  which f i s h  
of a p a r t i c u l a r  s p e c i e s  r eaches  i t s  maximum s i z e  i t  i s  t h e o r e t i c a l l y  r e l a t e d  
t o  n a t u r a l  m o r t a l i t y .  S imi l a r  ana lyses  have c o r r e l a t e d  n a t u r a l  m o r t a l i t y  wi th  
maximum l e n g t h  and weight,  maximum age and age a t  sexual  ma tu r i ty .  These 
methods a r e  v a l u a b l e  f o r  c o n t r a s t i n g  M f o r  d i f f e r e n t  s p e c i e s  and f o r  es t imat -  
i ng  M f o r  s p e c i e s  where no o t h e r  method i s  a v a i l a b l e  b u t  they  l a c k  ground 
t r u t h  and, again,  provide no i n fo rma t ion  on age-specif  i c  M. Ecosystem models 
a r e  intended t o  e s t ima te  the  e x t e n t  of n a t u r a l  m o r t a l i t y  due t o  preda t ion .  
For any given spec ie s ,  t h i s  approach r e q u i r e s  knowledge of what t h e  p reda to r  
spec ie s  a re ,  t h e i r  p reference  f o r  the s p e c i e s  i n  q u e s t i o n  and t h e i r  popula t ion  
s i z e s  which i n  t u r n  r e q u i r e s  t h e  popu la t ion  parameters ,  i nc lud ing  n a t u r a l  mor- 
t a l i t y  f o r  each predator .  Most of t h i s  i n fo rma t ion  i s  u n a v a i l a b l e  f o r  model- 
ing tuna spec ies .  

* 

TEE SENSITIVITY O F  POPULATION SIZE TO M 

The s e n s i t i v i t y  of the  p r e d i c t e d  age - spec i f i c  popu la t ion  s i z e  was 
analyzed by means of s eve ra l  s imula t ions  conducted w i t h  a cohor t  model. A l l  
s imula t ions  employed the  r e v e r s e  s o l u t i o n  back t o  age 1, t h e  age a t  f i r s t  
recru i tment ,  and n o t  age 0. The cohor t  model used was developed by MacCall. 
The catch-at-age da t a  used r ep resen ted  t h e  average age - spec i f i c  c a t c h  from the 
North P a c i f i c  a lbacore  f i s h e r y  f o r  t h e  pe r iod  1965 through 1982 f o r  a l l  t h r e e  
major f i s h e r i e s ,  the  United S t a t e s  j i g  f i s h e r y  and the  Japanese  b a i t b o a t  and 
long l ine  f i s h e r i e s .  

Two c l a s s e s  of s imula t ions  were conducted. The f i r s t  c l a s s  d e a l t  wi th  M 
a s  a cons tan t  and the second cons idered  M a s  a n  age - spec i f i c  v a r i a b l e .  For 
the  cons tan t  M s imula t ions ,  M was h e l d  c o n s t a n t  du r ing  each s imula t ion  but  
v a r i e d  between 0.0 and 0.6 (annual  b a s i s )  among s imula t ions .  The v a r i a b l e  M 
s imula t ions  employed two d i f f e r e n t l y  shaped v e c t o r s .  The f i r s t  was proposed 
by Suda who suggested a cons t an t  va lue  of 0.2 f o r  a l l  ages  p r i o r  t o  age s i z e  
and then  inc reas ing  M by 0.2 annual ly  beginning a t  age 6 .  The second i s  a 
hypo the t i ca l  bu t  seemingly r e a l i s t i c  v e c t o r  developed a s  a p a r t  of t h i s  study. 
This v e c t o r  i s  c a l l e d  a U-shaped v e c t o r  because: 

1. The M begins  a s  a r e l a t i v e l y  h i g h  v a l u e  when t h e  f i s h  a r e  1 (0.3) 
and decreases  dur ing  t h e  age 2 per iod  ( 0 . 2 ) .  During t h i s  pe r iod  
the  f i s h  a re  small  and presumably s u b j e c t  t o  heavy p reda t ion .  

2.  For ages 3 through 5 ,  M i s  h e l d  a t  t h e  r e l a t i v e l y  low cons tan t  
va lue  of 0 .1  because t h e  f i s h  a r e  l a r g e r  and l e s s  l i a b l e  t o  preda- 
t i o n  but  a r e  s t i l l  j u v e n i l e s .  Also, a t  t h i s  t ime t h e  f i s h  a r e  
s u b j e c t  t o  heavy f i s h i n g  m o r t a l i t y  which r educes  t h e i r  biomass 
cons iderably  and, t he re f  ore ,  reduces t h e  1 i k e l  ihood of any type 
of d e n s i t y  dependent 81. 



3. As t h e  f i s h  e n t e r  m a t u r i t y ,  M i n c r e a s e s  t o  0.2  a t  age 6 and 0.3 a t  
ages  7 and 8 .  Not only  a r e  t h e  f i s h  i n  t h e s e  age groups convert-  
ing  energy i n t o  r e p r o d u c t i v e  m a t e r i a l s ,  they  a r e  a l s o  under tak ing  
e x t e n s i v e  mig ra t ions  i n t o  b a r r e n  ocean  a reas .  S e n i l i t y  presumably 
begins  t o  e x e r t  some f o r c e  he re  a s  we l l .  

Note: It i s  the shape of t h e  v e c t o r  t h a t  i s  s t r e s s e d  h e r e ,  n o t  the  
values .  The v a l u e s  were chosen simply because t h e  average va lue  
f o r  t he  v e c t o r  i s  0.2 which al lows a comparison between t h e  r e s u l t s  
us ing  t h i s  v e c t o r  w i t h  those  us ing  t h e  cons t an t  M v e c t o r  a t  t h e  
publ i shed  va lue  of 0 . 2 .  

Given t h e  catch-at-age and e i t h e r  cons t an t  or age-specif  i c  M, t he  f i n a l  
s t e p  p r i o r  t o  the  s imula t ions  themselves i s  the s e l e c t i o n  of some type of  
v a l i d a t i o n  procedure.  Such a procedure i s  necessa ry  because,  i n  conduct ing a 
cohor t  a n a l y s i s ,  a n  e s t ima te  of f i s h i n g  m o r t a l i t y  a t  the  o l d e s t  age ( f i n a l  F )  
i s  used a s  a seed va lue  t o  beg in  t h e  i t e r a t i v e  procedure and t h i s  va lue  w i l l  
have a n  impact on the popu la t ion  s i z e  and t h e  v a l u e  of f i s h i n g  m o r t a l i t y  a t  
each time i n t e r v a l  p red ic t ed  by t h e  model. The v a l i d a t i o n  procedure used f o r  
t h i s  study c o n s i s t e d  of c a l c u l a t i n g  the  t o t a l  m o r t a l i t y  (Z)  f o r  t h e  most 
heav i ly  f i s h e d  age i n t e r v a l s  ( ages  3 through 7 )  from t h e  ca t ch  curve,  averag- 
ing them, and then, when conduct ing a s imula t ion ,  a d j u s t i n g  t h e  f i n a l  F u n t i l  
t he  average Z f o r  the  same ages  c a l c u l a t e d  from t h e  model ou tput  was equal  t o  
t h e  average Z c a l c u l a t e d  from the da t a  a s  d e s c r i b e d  immediately above. 

RESULTS 

D i f f e r e n t  v a l u e s  of M used i n  the cons t an t  M s imu la t ions  r e s u l t e d  i n  
s u b s t a n t i a l  d i f f e r e n c e s  i n  t h e  p r e d i c t e d  age-specif  i c  popu la t ion  s i z e s  (Fig. 
1). The M i s  a c t i n g  analogously t o  a n  i n t e r e s t  r a t e :  i n c r e a s i n g l y  h ighe r  
va lues  a r e  inc reas ing ly  inf  1 a t iona ry .  

The most n o t i c e a b l e  r e s u l t  of the v a r i a b l e  M s imula t ions  was t h a t  the  
magnitude of the changes was no t  a s  important  a s  a t  what age the  changes 
occurred. For t he  s imula t ion  based on t h e  v e c t o r  suggested by Suda, t he  
resrnl ts  i n d i c a t e  t h a t  even dramat ic  i n c r e a s e s  i n  M a t  the  o l d e r  ages  had 
l i t t l e  impact on t h e  popu la t ion  v e c t o r  when i t  was compared t o  t h e  r e s u l t s  of 
the cons tan t  (0 .2 )  s imula t ion  (F ig .  2 ) .  T h i s  r e s u l t  was no doubt due t o  the  
low numbers of f i s h  caught i n  those  age groups. S u b s t a n t i a l  d i f f e r e n c e s  were 
p red ic t ed  by r e s u l t s  of s imula t ions  w i t h  t h e  U-shaped v e c t o r  (F ig .  3 )  d e s p i t e  
t h e  f a c t  t h a t  t he  average va lue  of M (for a l l  ages )  was t h e  same f o r  t he  
cons tan t  ( 0 . 2 )  s imula t ion  a s  was n o t  the case  w i t h  Suda's v e c t o r  i n  which the  
average M was 0 .35 .  

CONCLUSIONS 

By us ing  a combination of methods a r easonab le  va lue  of n a t u r a l  m o r t a l i t y  
can probably be obta ined  f o r  most s tocks  of tuna.  However, t h i s  va lue  w i l l  
only serve  a s  an e s t ima te  assumed t o  be cons t an t  over  t h e  l i f e  of t he  f i s h .  
Because n a t u r a l  m o r t a l i t y  undoubtedly changes w i t h  s i z e  or age, t h e  sub jec t  of 
age-spec i f ic  n a t u r a l  m o r t a l i t y  should be i n v e s t i g a t e d .  
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Figure 1.--Predicted populat ion s i z e s  r e s u l t i n g  from four d i f f e r e n t  
s imulat ions  each w i t h  a d i f f e r e n t  value  of natural  m o r t a l i t y  (MI. Values 
ranged from 0.0 t o  0 . 6 .  



42 

SUDdS VECTOR (left) vs. CONSTANT (0.2) M (right) 
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AGE 

Figure 2.--A comparison of p r e d i c t e d  popula t ion  s i z e s  r e s u l t i n g  from a 
v a r i a b l e  n a t u r a l  m o r t a l i t y  v e c t o r  proposed by Sada and a n a t u r a l  m o r t a l i t y  
v e c t o r  h e l d  cons t an t  a t  t he  pub l i shed  va lue  of 0 . 2 .  

‘U” SHAPED VECTOR (left) vs. CONSTANT (0.2) M (right) 
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AGE 

Figure 3 .--A comparison of p r e d i c t e d  popu la t ion  s i z e s  r e s u l t i n g  from a 
v a r i a b l e  n a t u r a l  m o r t a l i t y  v e c t o r  proposed by t h e  au tho r  and a n a t u r a l  
m o r t a l i t y  v e c t o r  w i t h  the  same mean va lue ,  t h a t  of t h e  pub l i shed  va lue  of 
0 . 2 .  
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LIPE AND DEATH ON TBE HIGH SEAS: REFLECTIONS ON CONNECTIONS 
BEIWEEN NATURAL MORTALITY AND PHYSIaOGICAL CONDITION 

El i z  abe t h  Vet t e r  
Southwest F i s h e r i e s  Center  La J o l l a  Labora tory  

Nat iona l  Marine F i s h e r i e s  Serv ice ,  NOAA 
La J o l l a ,  C a l i f o r n i a  92038 

The n a t u r a l  m o r t a l i t y  r a t e  (MI of f i s h  s tocks  o r  popu la t ions  i s  
extremely d i f f i c u l t  t o  measure a c c u r a t e l y ,  y e t  t h i s  r a t e  i s  r e q u i r e d  almost 
u n i v e r s a l l y  a s  a s c a l a r  or v e c t o r  parameter i n  mathematical  models of f i s h  
s tock  dynamics. Three methods have been used t o  d a t e  t o  e s t i m a t e  M; 1) 
a n a l y s i s  of catch-at-age o r  catch-at- length curves ,  2) c o r r e l a t i o n  wi th  
l i f e - h i s t o r y  parameters,  and 3 )  by summing p r e d i c t e d  f l u x e s  t o  p reda to r s .  
Catch-curve a n a l y s i s  remains a t  t h e  h e a r t  of a l l  t h r e e  methods: none of them 
have proved very  e f f e c t i v e .  Th i s  i s  because c a t c h  curves  a r e  plagued almost 
u n i v e r s a l l y  by b i a s e s  r e l a t e d  t o  migra t ion ,  s u s c e p t i b i l i t y ,  v u l n e r a b i l i t y ,  
and s t a n d a r d i z a t i o n  of e f f o r t .  C o r r e l a t i o n s  w i t h  l i f e - h i s t o r y  parameters  
a r e  remarkably imprecise f o r  s i n g l e  spec ies .  The predation-summation method 
r e q u i r e s  numerous s impl i fy ing  assumptions and massive d a t a  s e t s .  

Phys io logica l  indexing of m o r t a l i t y  r i s k  o f f e r s ,  under c e r t a i n  circum- 
s tances ,  an  a l t e r n a t i v e  method t o  supplement e x i s t i n g  ana lyses .  Combining 
l a b o r a t o r y  experiments  t o  i d e n t i f y  p o t e n t i a l l y  l e t h a l  parameters  and t h e  
l e v e l s  a s s o c i a t e d  wi th  r i s k ,  w i t h  f i e l d  surveys  of the  d i s t r i b u t i o n  and 
l e v e l s  of the  same parameters  in e x p l o i t e d  s t o c k s ,  can provide a r e l a t i v e  
measure of r i s k .  The f i e l d  l e v e l s  can be t r a n s l a t e d ,  v i a  t h e  in fo rma t ion  
gained i n  l a b o r a t o r y  experiments ,  t o  r e l a t i v e  r i s k  v e c t o r s  f o r  s imula ted  
s tocks  in f i s h e r y  models. 
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CONDITION AND PERFORMANCE: FACTORS AFFECTING 
SUSCEPTIBILITY OF TUNA TO PREDATION 
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Extreme m o b i l i t y  and consequent r a p i d  metabolism, p e r m i t t i n g  f a s t  growth 
* and p r o l i f i c  reproduct ion  when s u f f i c i e n t  energy i s  loca ted ,  a r e  c h a r a c t e r i s t i c  

of a l i f e - h i s t o r y  s t r a t e g y  designed t o  e x p l o i t  h igh -qua l i ty  food r e s o u r c e s  t h a t  
f l u c t u a t e  i n  t ime and vary  i n  d i s t r i b u t i o n .  I f  tuna  gamble l a r g e  payments i n  
energy a g a i n s t  t h e  chances of l o c a t i n g  widely d i s t r i b u t e d  and s h o r t - l i v e d  oases  
of forage  they  would be a b l e  t o  t ake  advantage of changing c o n d i t i o n s  w i t h i n  
the  v a s t  p e l a g i c  ecosystem. The l i a b i l i t y  of t h i s  s t r a t e g y  may be a h igh  r a t e  
of n a t u r a l  m o r t a l i t y .  A s a f e t y  f e a t u r e  would be t o  conserve some energy a s  f a t  
r e se rves .  Mobil i ty ,  metabol ic  r a t e ,  and f a t  s t o r a g e  a l l  va ry  among t h e  tuna 
spec ie s ,  b u t  evidence sugges t s  t h a t  those s p e c i e s  such a s  s k i p j a c k  tuna ,  Katsu- 
wonus Delamis, t h a t  r e se rve  very  l i t t l e  energy and grow and reproduce r a p i d l y  
have a h igh  r a t e  of n a t u r a l  m o r t a l i t y :  whereas those  t h a t  grow more slowly, 
achieve m a t u r i t y  l a t e r  i n  l i f e ,  and r e s e r v e  l a r g e r  amounts of energy such a s  
y e l l o w f i n  tuna ,  Thannus a lbaca res ,  or a lbacore ,  T. a la lunga ,  have a lower r a t e  
of n a t u r a l  m o r t a l i t y .  

Examination of the  energy s t o r a g e  " s a f e t y  f e a t u r e "  i n  n a t u r a l  tuna popula- 
t i o n s  could provide an i n d i c a t o r  of the  degree of r i s k  of n a t u r a l  m o r t a l i t y  
among d i f f e r e n t  subgroups (ages ,  a r e a s ,  seasons)  w i t h i n  t h a t  popula t ion .  Exper- 
iments measuring energy expend i tu re s  i n  small  t r o p i c a l  s k i p j a c k  and y e l l o w f i n  
tunas  showed t h a t  up t o  a month was r e q u i r e d  b e f o r e  s t a r v a t i o n  l e d  t o  dea th  a t  
the slow v o l i t i o n a l  speeds main ta ined  i n  c a p t i v i t y ,  b u t  s t u d i e s  of t h e  e n e r g e t i c  
cos t  of swimming showed t h a t  dea th  due t o  s t a r v a t i o n  may be very  r a p i d  i f  speeds 
a r e  high, even when some food i s  a v a i l a b l e .  Tuna may become l e s s  e f f e c t i v e  
p reda to r s  and more vu lne rab le  a s  prey a f t e r  l o s i n g  sma l l e r  amounts of energy i f  
t h i s  l o s s  a f f e c t s  t h e i r  swimming a b i l i t i e s .  Experiments  were des igned  t o  t e s t  
t h i s  hypo thes i s  by s t a r v i n g  tuna f o r  s h o r t  p e r i o d s  and measuring t h e i r  swimming 
speeds (performance) a f t e r  p e r i o d s  of s t anda rd ized  enforced  exce rc i se .  Measure- 
ments and samples of  t i s s u e s  t h a t  might r e f l e c t  t h e  s t a t u s  of energy s t o r e s  
w i t h i n  the  tunas  ( c o n d i t i o n  f a c t o r ,  wa te r  and l i p i d  con ten t ,  organ weights ,  
s e c t i o n s  for h i s to logy ,  e t c . )  were c o l l e c t e d .  The con t inu ing  o b j e c t i v e  of t h i s  
s tudy  i s  t o  f i n d  some f a c t o r  measurably r e l a t e d  t o  performance t h a t  i s  r e s i s t a n t  
t o  t h e  common techniques  used i n  handl ing  commercial c a t c h e s  so t h a t  popu la t ion  
sampling may be c a r r i e d  ou t  a t  p rocess ing  f a c i l i t i e s .  

Small (30-38 cm f o r k  l e n g t h  (n)) y e l l o w f i n  tuna  t h a t  adapted  t o  c a p t i v i t y  
by l e a r n i n g  t o  feed  a c t i v e l y  were t e s t e d  r e g u l a r l y  f o r  average and minimum 
sus t a ined  speed i n  performance t r i a l s .  The tuna were chased wi th  a po le  f o r  30 
min by sp la sh ing  the  water  behind t h e  f i s h  eve ry  3 s e c  and by t app ing  t h e  f o r k  
of t h e  t a i l  every 30 sec. A f t e r  30 min t h e  f i s h  were chased by t h r a s h i n g  t h e  
water  behind t h e  f i s h  cont inuous ly  f o r  2 min. A l l  movement was v ideo taped  and 
swimming speeds dur ing  complete l a p s  around t h e  c i r c u l a r  t anks  were measured. 
I n i t i a l l y  two wel l - fed y e l l o w f i n  tuna ( f a s t e d  ove rn igh t  be fo re  t r i a l )  were 
compared w i t h  a y e l l o w f i n  tuna t h a t  was s t a r v e d  f o r  8 days. The wel l - fed f i s h  
s u s t a i n e d  swimming speeds above 300 cm/sec i n i t i a l l y ,  and a f t e r  25 m i n  they  
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s t i l l  sus t a ined  speeds above 140 cm/sec, whereas t h e  f i s h  s t a r v e d  f o r  8 days 
i n i t i a l l y  could s u s t a i n  speeds of o n l y  60  cm/sec, and a f t e r  25 min i t  swam a t  
about 5 0  cm/sec. Experiments w i t h  s k i p j a c k  tuna  had shown t h a t  about  a week of 
s t a r v a t i o n  caused water  conten t  ( i n v e r s e l y  r e l a t e d  t o  energy con ten t )  t o  r i s e  
above the  range observed i n  t h e  f i e l d .  Subsequent exper iments  were designed t o  
observe performance i n  tuna  w i t h i n  t h e  range of c o n d i t i o n s  observed i n  the  
f i e l d .  Thus y e l l o w f i n  tuna were s t a r v e d  f o r  3 t o  5 days  f o r  t h e  t e s t s  compared 
below: 

Comparisons between speed (cm/sec) and f a c t o r  l e v e l s  i n  3- t o  
5-day, s t a r v e d  and well-fed y e l l o w f i n  tuna ( f a s t e d  ove rn igh t ) .  

Well-fed S ta rved  
Mean N Mean N D i  f P 

h e e d  measurement 

Mean 25-30 min 153 7 13 8 5 1 1% NS 
Minimum 25-30 min 14 0 7 117 5 20% ** 
l e a n  30-32 min 198 4 183 5 896 NS 
Minimum 30-32 min 175 4 139 5 2 7% ** 
Minimum 30-30.5 min 179 7 154 5 1 6% * 

~~ 

Fac to r  

Water conten t  74.9% 7 76.2% 5 1.8% * 
D r y  c-m e x t r a c t  7.9% 6 7.5% 5 5.1% NS 
Condit ion f a c t o r  1 . 8 0  7 1 . 7 8  5 1.3% NS 
Width/ l e n g t h  1 . 5 2  7 1 . 4 6  5 4.3% NS 
104 * h e a d l e n g t h 3  0.37  7 0 . 3 3  5 11.0% * 
lo4 l i v e r / l e n g t h 3  1 . 6 3  7 1 . 3 2  5 23.5% * 
Fork l e n g t h  (cm) 33 .2  7 30 .9  5 7.4% NS 

Minimum s u s t a i n e d  ( f o r  one l a p )  speeds were most a f f e c t e d  by the  s t a rva -  
t i o n  t rea tment .  Addit ional  f a c t o r s  a r e  being analyzed,  p a r t i c u l a r l y  a l t e r -  
n a t i v e  methods t o  a s say  l i p i d  conten t .  The method of soxh le t  e x t r a c t i o n  of 
dry t i s s u e  wi th  chloroform-methanol (d ry  c-m e x t r a c t )  i s  u n s a t i s f a c t o r y  wi th  
samples con ta in ing  so l i t t l e  l i p i d .  The hepatosomat ic  index (10,000 l i v e r  
wet mass ( g ) / f o r k  l e n g t h  (cm) cubed) was t h e  most c o n s i s t e n t  p r e d i c t o r  of 
swimming performance. This  i s  not an  i d e a l  f a c t o r  f o r  sampling a t  p rocess ing  
f a c i l i t i e s ,  bu t  t h e  r e s u l t s  confirm t h e  p r i n c i p l e  t h a t  t he  d i s t r i b u t i o n  of 
one or seve ra l  f a c t o r  l e v e l s  i n  the  c a t c h  w i l l  r e f l e c t  t h e  frequency of f i s h  
wi th  reduced a b i l i t i e s  t h a t  should be more v u l n e r a b l e  t o  preda t ion .  

The f a c t o r  d i s t r i b t i o n  can i n d i c a t e  bo th  r i s k  ( th rough  the  proximity of 
the  d i s t r i b u t i o n  t o  dangerous l e v e l s )  and t he  e x t e n t  t o  which s e l e c t i v e  
p reda t ion  on weaker i n d i v i d u a l s  has  e x p l o i t e d  t h a t  r i s k  (by the degree of 
t r u n c a t i o n  or skewness i n  t h e  d i s t r i b u t i o n ) .  Thus we do not  have t o  assume 
t h a t  p r e d a t o r p r e y  r a t i o ,  p r e d a t o r  energy requi rements ,  or prey p re fe rence  
a r e  cons tan t ,  or t h a t  the  p r e d a t i o n  r a t e  depends on prey v u l n e r a b i l t y .  By 
r e f l e c t i n g  both the  phys io log ica l  r i s k  and t h e  e x t e n t  of p reda t ion ,  the  
d i s t r i b u t i o n  of f a c t o r  l e v e l s  i n  t h e  popu la t ion  could  provide  a r e a l i s t i c  
phys io logica l  index of n a t u r a l  m o r t a l i t y  f o r  use in popu la t ion  models. 
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DORSAL AORTA OF THE YELLWFIN TUNA, THUNNUS ALBACARES 

Robert E. Bourke and Richard W. B r i l l  
Southwest F i s h e r i e s  Center Honolulu Labora tory  

Nat ional  Marine F i s h e r i e s  Se rv ice ,  NOAA 
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A p a r a s i t e ,  found i n f e s t i n g  t h e  do r sa l  a o r t a  of y e l l o w f i n  tuna ,  Thunnus 
a lbacares ,  has  been t e n t a t i v e l y  i d e n t i f i e d  a s  Dasvrhvnchus t a l i sman i .  This  
typanorhynch cestode i s  found a s  a p l eu roce rco id  l a r v a e  which i s  long (1.5-3 
mm),  t h i n  (50-200 m m ) ,  and t i g h t l y  fo lded  o r  c o i l e d  w i t h i n  the d o r s a l  a o r t a  
from the j u n c t i o n  of t he  f i r s t  b ranch ia l  a r t e r y  p o s t e r i o r  t o  t h e  po in t  where 
the  do r sa l  a o r t a  e n t e r s  t he  f i r s t  haemal arch. In heavy i n f e s t a t i o n s  the  
p a r a s i t e s  cause t h e  do r sa l  a o r t a  t o  inc rease  i n  d i ame te r s  by a s  much a s  f i v e  
times. Host immune response t i s s u e s  appear  t o  cement the p a r a s i t e s  i n t o  a 
f i rm  p lug l ike  mass and a f f i x  i t  t o  t h e  w a l l  of t he  v e s s e l .  In t h i s  s i t ua -  
t i o n ,  the p a r a s i t e s  appear  t o  almost completely occ lude  the d o r s a l  a o r t a .  
In v i t r o  experiments  show t h a t  t he  p re s su re  r e q u i r e d  t o  push a given flow 
r a t e  through the do r sa l  a o r t a  of p a r a s i t i z e d  f i s h  i s  ex t remely  h igh  when 
compared t o  n o n p a r a s i t i z e d  f i s h .  The p a r a s i t e ,  t h e r e f o r e  seemed t o  pose a 
s e r i o u s  t h r e a t  t o  the  h e a l t h  of t he  tuna and t h i s  s tudy  was under taken  t o  
document t h e  e f f e c t s  of the  p a r a s i t e  on t h e  tuna.  

V e n t r i c u l a r  h e a r t  weight was measured a s  a n  i n d i c a t i o n  of c a r d i a c  
hypertrophy (due t o  inc reased  pumping p r e s s u r e )  and l i v e r  weight  a s  a 
measure of s t a r v a t i o n .  Length and weight were measured t o  o b t a i n  r e l a t i v e  
cond i t ion  f a c t o r  of the tuna.  O t o l i t h s  were weighed and compared t o  l eng th  
and weight t o  e s t ima te  the  s i z e  a t  age of t he  tuna  ( i . e . ,  long-term growth 
r a t e ) .  The RNA:DNA r a t i o  of muscle was examined t o  e s t i m a t e  t h e  r e c e n t  
growth r a t e .  A s t r e s s e d  s w i m  t e s t  was done t o  e s t i m a t e  t h e  a b i l i t y  of the 
f i s h  t o  b u r s t  s w i m  a f t e r  30 min of severe e x e r c i s e .  None of the  above 
measurements showed any s i g n i f i c a n t  d i f f e r e n c e  between p a r a s i t i z e d  and non- 
p a r a s i t i z e d  tuna ,  which sugges t s  t h a t  i n f e s t a t i o n  h a s  no measurable  e f f e c t  
o n  the phys io log ica l  f u n c t i o n s  o r  the  swimming a b i l i t i e s  of t h e  f i s h .  

The prevalence of do r sa l  a o r t a  i n f e s t i o n  changes wi th  t h e  s i z e  and wi th  
season. We found the  preva lence  r a t e  t o  be about  50% i n  f i s h  <30 cm f o r k  
l eng th ,  bu t  only 5% i n  f i s h  )150 cm. We a l s o  found a dramat ic  drop  i n  
i n f e s t a t i o n  dur ing  August and September 1985. Prev ious  t o  t h i s  time, do r sa l  
a o r t a  i n f e s t a t i o n  r a t e s  i n  smal l  y e l l o w f i n  tuna  were approximately 50%. 
During August and September 1985 i n f e s t a t i o n  r a t e s  dropped suddenly t o  about  
1096. We b e l i e v e  t h i s  was due t o  a n  i n f l u x  of a l a r g e  sepa ra t e  group of 
small  y e l l o w f i n  tuna  i n t o  the  Hawaiian f i s h e r y .  Because of i t s  h igh  preva- 
l ence  r a t e  and r e l a t i v e l y  long l i f e  of t h i s  p a r a s i t e ,  it may se rve  a s  a 
usef u l  b i o l o g i c a l  tag. 
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GRWTB OF YELLOWFIN TUNA, THUNNUS ALBACARES, I N  TEE 
EASTERN PACIFIC OCEAN BASED ON OTOLITB INCREMENTS 
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The growth of y e l l o w f i n  tuna  i n  t h e  e a s t e r n  P a c i f i c  i s  d e s c r i b e d  i n  
terms of s eve ra l  measurements t aken  from t h e  f i s h  and t h e i r  o t o l i t h s  
( s a g i t t a e ) .  
a v a i l a b l e  dimensions of f o r k  l e n g t h  and p r e d o r s a l  l eng th .  The d a t a  f o r  a l l  
of these r e l a t i o n s h i p s  were ob ta ined  from a sample of 196 f i s h  c o l l e c t e d  
during 1977 through 1979 from pur se  s e i n e r s  f i s h i n g  n o r t h  of t h e  Equator and 
e a s t  of long. 137OW. The f o r k  l e n g t h  range of t h e  sample was 30-170 cm. 

Equat ions a r e  a l s o  developed t o  p r e d i c t  age from t h e  r e a d i l y  

The number of increments  on a s a g i t t a e  of e a c h  f i s h  was used a s  a 
d i r e c t  e s t ima te  of i t s  age i n  days. The correspondence between increments  
and days has  been v a l i d a t e d  by t e t r a c y c l i n e  i n j e c t i o n  exper iments  f o r  
ye l lowf in  tuna i n  t h e  l e n g t h  range of 40-134 cm. C i rcums tan t i a l  evidence 
i n d i c a t e s  t h a t  t h e  r e l a t i o n s h i p  a l s o  a p p l i e s  i n  t h e  i n t e r v a l s  of  0-40 cm and 
134-170 cm. Th i s  c i r c u m s t a n t i a l  evidence was d e r i v e d  from: 1) l i t e r a t u r e  
on v a l i d a t e d  increments  dur ing  e a r l y  growth f o r  o t h e r  s p e c i e s ,  2)  knowledge 
t h a t  s t r u c t u r e  assumed t o  be d a i l y  increments  on y e l l o w f i n  tuna  o t o l i t h s  
have subsequent ly  been v a l i d a t e d  i n  the cor responding  zone on b l u e f i n  tuna 
o t o l i t h s ,  and 3)  a comparison of  t he  growth curve based  on increments  t o  
o t h e r s  ob ta ined  from length-frequency modal a n a l y s i s .  Based on t h i s  i n f o t  
mation t h e  age e s t i m a t e s  over  t h e  e n t i r e  s i z e  range  of sampled f i s h  i s  
be l ieved  t o  be accura te .  

In a d d i t i o n  t o  t h e  genera l  growth and age -p red ic t ive  r e 1  a t i o n s h i p s ,  the 
major conclus ions  of the study a r e  t h a t :  

1: Sexual ly  dimorphic growth e x i s t s  i n  te rms  of f o r k  l e n g t h ,  f i s h  
weight,  and the  l e n g t h  of the  o t o l i t h  count ing  p a t h  f o r  the  e n t i r e  
da ta  se t .  Examination of t he  da t a  f o r  1977 and 1979 a l s o  r evea led  
t h a t  t h e  fork- length growth of each sex d i f f e r e d  w i t h i n  yea r s .  

2 .  For combined sexes  t h e r e  were s i g n i f i c a n t  d i f f e r e n c e s  among t h e  
fork- length growth curves  f o r  y e l l o w f i n  tuna sampled i n  d i f f e r e n t  
yea r s .  

3. Yellowfin tuna caught i n shore  ( w i t h i n  275 miles  of t h e  c o a s t )  were 
heav ie r  t han  those caught o f f s h o r e  f o r  f o r k  l e n g t h s  between 30 and 
110 cm. The s i t u a t i o n  was r eve r sed  f o r  l e n g t h s  >110 cm. 

4. Back-calculated spawning months were d i s t r i b u t e d  uni f  ormly through- 
out t h e  y e a r  i n  1974 and 1977, but  i n  1975-76 and 1978 spawning 
a c t i v i t y  was appa ren t ly  concent ra ted  i n  the  l a t t e r  h a l f  of the 
year .  
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I N  BLACK SKIPJACK TUNA, EUTHYNNUS LINEATUS 
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The b lack  s k i p j a c k  tuna  i s  a n  e p i p e l a g i c  n e r i t i c  a s  w e l l  a s  ocean ic  
s p e c i e s  of tuna d i s t r i b u t e d  throughout  t he  t r o p i c a l  and s u b t r o p i c a l  wa te r s  
of the  e a s t e r n  Pac i f i c .  Specimens were ob ta ined  from commercial l and ings  
during 1980-82 throughout the e a s t e r n  P a c i f i c .  Four geographica l  a r e a s  
were considered s e p a r a t e l y  a s  s tudy  a reas ,  i n  o r d e r  t o  e v a l u a t e  t h e  e x t e n t  
of geographical  v a r i a t i o n  wi th  r e s p e c t  t o  those  1 i f e  h i s t o r y  c h a r a c t e r i s -  
t i c s  p e r t a i n i n g  t o  reproduct ion .  The boundar ies  of t he  s t r a t a  were chosen 
t o  produce the sma l l e s t  a r e a s  i n  which monthly samples were a v a i l a b l e  
throughout the  yea r .  Also d i f f e r e n c e s  i n  oceanographic  f e a t u r e s  on a 
l a t i t u d i n a l  b a s i s  were cons idered  i n  d e f i n i n g  these  s t r a t a .  The f o u r  
reproduct ive  c h a r a c t e r i s t i c s  cons ide red  a r e :  1) spawning a rea  and season,  
2) s i z e  a t  ma tu r i ty ,  3 )  b a t c h  f ecund i ty ,  and 4)  spawning frequency.  

The l o c a t i o n s  and t imes  of  spawning were determined from ova diameter  
measurements. Spawning occurred  dur ing  August th rough October  i n  a r e a  1 
around t h e  Revi l lag igedo I s l a n d s  ( l a t .  10°-200N, long. 105°-1200W), dur ing  
October through June  i n  a r e a  2 of f  Cent ra l  America ( l a t .  50-10°N, long. 
80°-959), dur ing  November through March i n  a r e a  3 i n  t h e  Gulf of Panama 
( l a t .  70-g0N, long.  78O-8OoW), and e s s e n t i a l l y  no evidence of spawning was 
observed i n  a rea  4 o f f  Colombia and Ecuador ( l a t .  5OS-5ON, long. 80°-900W). 

The r e l a t i o n s h i p  between f o r k  l e n g t h  and the  p r o p o r t i o n  of mature  f i s h  
es t imated  from ova r i an  development was b e s t  approximated by a mod i f i ca t ion  
of the Richards func t ion .  The f o r k  l e n g t h  a t  which 50% of the  females  were 
mature a s  i n t e r p o l a t e d  from t h e  Richards equa t ions ,  us ing  t h e  de r ived  
parameter e s t i m a t e s  was 494.8 mm f o r  a r e a  1, 470.3 mm f o r  a r ea  2, and 457.4 
mm f o r  a r ea  3.  A method independent from t h a t  of the  Richards f u n c t i o n  was 
used t o  eva lua te  whether t h e r e  a re  geographica l  d i f f e r e n c e s  i n  t h e  l e n g t h  
a t  ma tu r i ty .  Nonoverlap of t h e  lower and upper 95% confidence i n t e r v a l s  of 
these  e s t i m a t o r s  i s  evidence of s i g n i f i c a n t l y  d i f f e r e n t  l e n g t h s  a t  50% 
matur i ty  f o r  f i s h  from these  t h r e e  a reas .  

Spawning b a t c h  f ecund i ty  e s t i m a t e s  were based on counts  of hydra ted  
oocytes  i n  t h r e e  weighed subsamples from e i t h e r  t h e  l e f t  o r  r i g h t  ovary.  
The simple l i n e a r  model was s e l e c t e d  a s  the  b e s t  f u n c t i o n  t o  e x p r e s s  the  
r e l a t i o n s h i p s  of ba t ch  f e c u n d i t y  ve r sus  body weight  f o r  b lack  s k i p j a c k  tuna 
from a reas  1, 2, and 3. I n  o rde r  t o  compare t h e s e  r e l a t i o n s h i p s  ANCOVA was 
used t o  t e s t  f o r  d i f f e r e n c e s  i n  r e g r e s s i o n  parametes  among t h e  t h r e e  a reas .  
The ANCOVA i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  i n  the  s l o p e s  of t h e  regres-  
s i o n  l i n e s .  The Newman-Keuls m u l t i p l e  range t e s t  i n d i c a t e d  d i f f e r e n t  
s lopes  i n  the  l i n e s  of a r e a s  1 and 3. F u r t h e r  a n a l y s i s  of t h e  r e g r e s s i o n  
e l e v a t i o n s  i n d i c a t e d  t h a t  none of t hese  t h r e e  l i n e s  a r e  c o i n c i d e n t a l .  The 
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ba tch  f e c u n d i t y  i s  h ighes t  i n  t h e  n o r t h e r n  a r e a  1 (144 e g g s / g  body we igh t ) ,  
and d e c l i n e s  t o  77 eggs/g body weight  i n  a r e a  3. 

Es t ima tes  of the  spawning frequency were based  on t h e  hydra t ed  oocyte 
method. In a r e a  1 over a 3-month spawning season  a n  average of 46.8% of 
the females  were spawning p e r  day i n d i c a t i n g  t h a t  t h e  average i n t e r v a l  
between spawning a new b a t c h  of eggs was 2.1 days. In a r e a  2 over  a 9- 
month spawning season  an  average of 17.6% of the  females  sampled were 

new ba tch  of eggs was 5.7 days. In a rea  3 du r ing  t h e  l a t e  1980 t o  1982 
spawning season a n  average of 27.8% of t h e  females  sampled had hydra ted  
oocytes  i n d i c a t i n g  t h a t  t h e  average i n t e r v a l  between spawning a new ba tch  
of e g g s  was 3.6 days. 

r 

- spawning per day i n d i c a t i n g  t h a t  t h e  average i n t e r v a l  between spawning a 

The h ighe r  f e c u n d i t y  and spawning frequency i n  t h e  n o r t h e r n  a r e a  1 
apparent ly  compensates f o r  the s h o r t e r  d u r a t i o n  of the spawning season  and 
the l a r g e r  s i z e  a t  matrarity. 
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